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PREFACE TO THE SECOND EDITION 

Numerous changes that have taken place in the'farm-power picture 
during the past six years have necessitated a revision of this book. The 
outstanding development has been the extensive adoption and use of 
row-crop tractors and equipment as a result of constant improvement in 
design, thus providing a greater range of adaptability and ease and con- 
venience of operation. Likewise, this has resulted in a continued dis- 
placement of animal power by mechanical power in agriculture. Other 
significant changes are the design and introduction of successful Diesel- 
powered tractors, the adoption of pneumatic tires for wheel tractors, and 
the improvements made in carburetion, ignition, lubrication, and general 
engine and transmission design. . 

In making the revision, the author, as a result of suggestions sub- 
mitted by many users of the book, has combined the two parts as found 
in the first edition and has rearranged the subject matter in such a man- 
ner as to eliminate considerable duplication. It is hoped that this 
rearrangement will prove more satisfactory and better adapt the text to 
farm-power instruction work. Such subjects as Diesel-engine construc- 
tion and operation, fuels and their characteristics, and electric starting 
and lighting equipment are treated in special chapters and in greater 
detail than in the first edition. 

Realizing the great value and importance of good illustrations in a 
book of this nature, the author has attempted, as far as possible, to 
replace obsolete illustrations with up-to-date ones and to add others 
where advisable. Appreciation and thanks are extended to the numerous 
tractor and accessory manufacturers who so generously supplied these 
illustrations. 

Special acknowledgment and appreciation are extended to Earl L. 
Consolivcr and Ben G. Elliott for the use in Chap. XX of a number of 
illustrations taken from their book “The Gasoline Automobile”; to Don 
Christy for his assistance in the preparation of the material on wheat 
production ^costs; to H. P. Smith for numerous suggestions as to the 
preparation ^f the revised material; and to the farm-power instructors in 
the various agricultural engineering departments throughout the United 
States for their many valuable suggestions. 

Pbed R. Jones. 

College Station, Texas, 

Jul^, 1938. 




PREFACE TO THE FIRST EDITION 

With the internal-combustion engine now firmly established as a 
most important and almost indispensable source of power for agricultural 
production, a need has arisen, particularly in agricultural colleges, for 
an up-to-date textbook dealing with this subject in all of its various 
phases. , 

The material presented has been collected and prepared by the 
author as a result of fifteen years’ experience in, teaching the subject of 
farm power to both collegiate and non-collegiate students. It is likewise 
anticipated that this text will prove useful and helpful to instructors 
in vocational work dealing with farm-type engines and tractors, to 
mechanics and service men, and to owners and operators of stationary 
engines and tractors. 

In the preparation and arrangement of the subject matter, three 
important considerations have been kept in mind: First, that the material 
should be presented in sufiicient detail and in as elementary and , non- 
technical a form as possible; second, that a thorough understanding 
of gas-engine fundamentals as exemplified by the simple, stationary 
farm engine should precede a study of the more complicated tractor 
mechanism; and third, that any publication of this nature should also 
treat of such related subjects as power transmission, materials of con- 
struction, utilization of power, and so on. 

The book is divided into two distinct parts. The first deals with the 
fundamentals involved in the construction and operation of the simple 
internal-combustion engine with particular application to the small, 
stationary farm-type engine. An introductory chapter of a more or less 
general nature discusses the relation of farm power to agricultural pro- 
duction and enumerates the primary sources of power with their adapta- 
tions and disadvantages. Following a brief discussion of early gas-engine 
development, such subjects as construction and operating principles, 
cajburction, ignition, and lubrication are taken up in complete detail 
with respect to both past and recent developments. 

The second part, in a similar manner, covers the detailed construction 
and operation of the various t3T)es of farm tractors. Heretofore, with 
the farm tractor constantly undergoing radical changes in design, the 
advisability of publishing a textbook dealing with this subject was 
questionable. Apparently, however, tractor design has become more or 
less standardized and stabilized so that the material presented should not 
require as frequent revision as it formerly would have. 
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Because of the recent introduction and almost immediate extensive 
adoption of the all-purpose or cultivating-type tractor, a special chapter 
ha^i been prepared which takes up the fundamental requirements of such 
a machine and describes briefly the different makes now available together 
with their outstanding features. 

The final chapter deals with the tractor from the standpoint of 
selection and efficient utilization under different conditions. 

In order to make the text better suited to use by advanced students, 
nwnirch workers, and designers, a number of appropriate references are 
given at the end of the more important chapters. 

The author will b(^ glad to receive any suggestions and criticisms 
involving arrangcummt of subject matter, omissions, inaccuracies of 
statenumts or illustrations, and typographical errors. 

Acknowhulgment is ac(!ord<!d George W. Hobbs, Karl L. Consoliver, 
and B<‘n G. hllliott for tlu^ use of certain illustrations tak(m from thtur 
biK)k “Tluf GasolitU' Automobile,” to H. P. Smith for numerous Hugg(is- 
tions in tin; pn'paration of the manuscript, to certain engine-acc(ssHory 
manufacturers wlio have most willingly given valuabh'. advice and infor- 
mation, and to the many conceriis who have suppli<’d illustrative mat(‘.rial. 

Fkkd R. Jonks. 

AoBieucTtuui, ANi> Mechank.'aIi op Texas, 

(;oi,i.K(!E Htation, Texas, 

January, 1932. 
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FAEM GAS ENGINES 
AND TRACTOES 

CHAPTER I 

POWER ON THE FARM— SOURCES AND UTILIZATION 

The influence and effects of power and machinery upon agriculture 
are well summarized by Kinsman in U. S. Department of Agriculture, 
Bulletin 1348. He states as follows: 

The adoption of labor-saving machinery made possible by the extensive use of 
power has been universally acknowledged as the outstanding feature of American 
agriculture during the past three-fourths of a century. Seventy-five years ago 



Fi(i. 1. — Total population, porsons gainfully employed, and persons engaged in agricnilture 
in the United States, 1820 to 1930. 

the average agricultural worker would care for but 12 acres of crops; now, con- 
sidering the United States as a whole, he can attend to at least 34 acres and in 
some States where large power units are common, the average is more than 100 
acres, while on many individual farms it will run as high as 300 acres or more. 
At the same time the workers' hours have been considerably shortened, and 
much of the drudgery and monotony of farm work has been eliminated; 

1 




Table L- Total PoprLATioK, NrsiBEB or Farm?*, AtimrrLTriiAL Wokeers, A« kk^ of Harvested Cum^^ and Vali e of Power 

UKtl^t ImFLEMENT?^, aKD M-ArMIKERT FOR YKARi*, 1^70-1930 
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Tlic iucreaHCKl cflicicncy in accom- 
plishing farm work has greatly 
enhanced rcdurtm from fanning and has 
released large munhers of workers from 
agriculture to othcu’ industries. This 
has resuited in great(^r ]>rodu(ttion and 
a lower cost of comforts and luxuries, 
the enjoyment of wlnhih determines to 
a large extcmt th(» staiulnrd of living 
of a peoph^. llnd<mhte<lly tliese 
factors have played an important part 
in making possible the present standard 
of living of tlui people of tlie United 
Starihs. 

A(‘c»ording to this bulletin and 
also a Inter study by the IJ. H. 
I)(*partnH‘ui <sf Agrieult ur(‘,^ tlu^ 
great (expansion and <l(»v<dopnient 
in industry during tlu^ past e(mtmry 
hav(‘ resulted in a inarke<l inert‘as<' 
in the iiuiuIhu- of indtistrial work(*rs 
while tlu^ nuinb«*r of persons en- 
gagcul in agrieult un^ has remained 
mon» or h^ss the same. Figure I 
shows graplueally i1h‘ trends in this 
r(‘sp<*(*i from lH2(Ho lh»1tMnelusiv(N 
In 182(1 nppr<»ximut<‘ly K8 |H‘r etml 
<d all peiwms in tlu» Unit<*d Htatc»H 
ten years (dd and over, n‘p(n1<»d as 
being gainfully (uuployrd, wc^re 

cmgagi^l in agrimilf tire. By lP2(l 

only about 2l per e<mt of sueh 
pcTHons employt'd in all occupations 
in the United KtaB*H were tuigagis! 
in agriculture The ratio td agri- 
euHttral workiws to total populaiicm 
also deen*ased from 21 .5 pew etmt in 
I820 to 8.5 per <*eitt in HKKl 

Table I, as wmll as Fig. U also 
shews that therc^ was a continued in- 
erease in the miml>r*r of persons en- 
gaged in agricnliure until IPIO but 

* C/t 8, Dept, A^r, Mm\ Pub. 1 57. 
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that this increase was not in proportion to the increase in total population. 
Between 1910 and 1930, however, there was an actual decrease in the 
number of agricultural workers. Despite this decrease during this 
period, there was an increase in both acreage of harvested crops and in 
total crop production. The increase in production per worker was due, 
in a large measure, to the increased use of power and machinery on farms. 

1. Value of Mechanical Farm Equipment. — Table I shows the value 
of implements, machinery, and power units on farms in the United States 



Fki. 2, lOitimiitful horHopowor-hours of power dovolopod annually by different kinds 
of farm power and atuounlH rociuircd for the principal farm operations in the United 
Htati'S. 1920. 

during the pcrnod 1870 to 1930. Prior to the introduction of mechanicah 
power tuiitH, thcHO figures, with some exceptions, represented the value of 
what is generally (ionsiderod as farm implements. For later years the 
figure's inchuh* also the mechanical-power units such as tractors, trucks, 
and aut<nnol)ileK. 

From 'fable I it is observed that the value of power and machinery 
per agrieulfural worker has increased from approximately $144 in 1875 
to $444 in 1930. Automobiles probably comprised at least 20 per cent 
of the vahie of power units and machinery on farms in 1930. Although 
th<( aufomobile is not considered as a source of power for farm work, the 
ttxpc'nses involved miist be borne by the farm. 
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2, Utilization of Power. — Table 11 summarizes the amount of power 
available, by types, on farms in the United States in 1936 and gives an 
estimate of the horaepower-hours devc^opcid annually. Of the total of 
nearly 18,000,000,000 hp.-hr. dev(4op<jd anmially, animals furnish 
approximately 40 per cent and traetors approxirna<<‘ly 35 per cent. 
Probably the most signifi(^ant change that has ocnnirnHl during the 
preceding 10 years has !)e(m the decreas(^ in tluj numlx^r and tise of work 
animals, and the inc^nmse in the utilization of trac.t<irs. This (diange has 
taken place largely as n result of the introchudion of tlie light-W(ught all- 
purpose tractor, which is adaptable to pc^rfonning a variedly of opc'rations 
on even th(^ smaller sizt^s of farms* 


TaHLS IL i'lHTIMA'FKn PoWKK AvAU.ABLK AND PoWKH I)KVKL<n*KI> ON KaHMK IN 

TiiK UNrrnn Btatks, 193(P 
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With the? wi(i<',Hi)rca(l mho of meHihanical-powor unite on farniH the're? iuis 
alHo iMtan a eehange iee tha ty|>« of work porformoel by hejrsetH. Witii ei 
traotor available for heavy-drawbar work and a truck for hauling, tlu? uw? 
of work animals on some farms is largely confined to light-drawbar work. 




POWER on THE EARM— SOURCES ANH UTILIZATION '5 

In some cases it has been possible to increase the number of hours of 
annual use per work animal by decreasing the number of such units per 
farm, and by the proper coordinatioi^ of animal and mechanical-power 
units. - ' ■ 

The various forms of power and their relative importance, application, 
and utilization are shown by Fig. 2. , , 

The relative amount of power utilized varies greatly in different states 
owing to a number of factors such as type of agriculture and kind of crops 
raised, topography, climate, soil conditions, and kind and available 
supply of labor. As indicated by Fig, 3, the of agriculture seems to 



Pio. 3. — Average horsepower available per agricultural worker by states, 1930. 


have a greater effect on the horsepower per agricultural worker than does 
any other one factor. For example, it is observed that the wheat- 
producing or Great Plains region shows the greatest power available per 
agricultural worker, while the cotton-producing states in the southeastern 
and Gulf Coast areas show the lowest power available per agricultural 
worker. 

Figure 4 shows the general relationship, between the power available, 
the investment in mechanical equipment, and the average gross income 
d( 5 rived from crops, livestock, and livestock products, per agricultural 
worker. The states having the most available power usually lead in 
value of agricultural products per worker, but a number of exceptions 
will be noted. ■ 

According to Kinsman^ the most serious difficulties encountered in the 
efficient use of power and labor in farm work are the extreme seasonal 


* U. 8, Dept. Agr., Bull. 1348. 
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demands of many of the crops, the diversity of tlie operations, the small 
size of the usual power units, and the low load factor or small percentage 


Sfafes 
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of time the power unit is used. The result is a relativ(;ly high cost per 
unit of power produc'd. 
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The cost of using power equipment is also considerable and its adop- 
tion becomes profitable only if the net earnings of the owner or operator 
are increased through its use. 

SOURCES OF FARM POWER— ADAPTABILITY AND COST 

Power is required on the farm for doing two kinds of work, namely, 
tractive work requiring pulling or drawing effort; and stationary work, 
usually accomplished by means of a belt, gears, or some other form of 
power transmission. Tractive jobs include (1) plowing and land prepa- 
ration, (2) planting and seeding, (3) crop cultivation, (4) harvesting, and 
(5) hauling. Stationary jobs include (1) water pumping, (2) threshing, 
(3) feed grinding, (4) hay baling, (5) ensilage cutting, and (6) wood 
sawing, in addition to numerous other jobs of a like nature. 

3. Sources of Power.— There are five possible sources of power for 
doing the various kinds of work. In other words, it can be said that 
there are five prime movers available for the farmer. These are as 
follows : (1) domestic animals, (2) wind, (3) flowing water, (4) electricity, 
and (5) heat engines. Some of these are necessarily limited in use as 
will be mentioned later. In, fact, up to this time only two of the five 
mentioned, namely, domestic animals and heat engines, have proved 
practical .for supplying tractive power. Thus far wind, water, and 
electric power are confined entirely to stationary work. 

4. Animal Power. — At one time, when farming was really not an 
industry or a business but was carried on by each individual or family 
merely as a means of providing food, clothing, and shelter for self- 
presorvation, the power required for doing all work incident to planting 
and harvesting the crops and their manufacture into a finished product 
was supplied only by human hands. As the population increased, the 
demand for such essentials as food and clothing became greater and the 
necessity arose of growing crops on a larger scale, that is, producing more 
per man or per family. This required the adoption of a more suitable 
form of power, a form that would enable one individual to cultivate 
more land, hence produce a greater quantity of raw material from which 
to provide food and clothing for other individuals who might be engaged 
in some so-called nonproductive industry such as mining or milling or 
l)rinting. Hence, the ox and later the horse and the mule were brought 
into use to pull the plows, harrows, planters, and harvesters and to haul 
the crop to market. 

Horses and mules still supply a large portion of the tractive power 
r(!(iuir(Hl on the farms of the world, but animal power has proved satis- 
factory for, Or adaptable to, stationary work to only a limited extent. 

5. Power of Horses and Mules. — The power and pulling ability of 
horses and mules are matters that are frequently debated but seldom 
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iiudcrHtood. According to King' a liorsc working continuouHly for K{'v<>ral 
hourK and walking at tho rate of 2 }^ in.p.h. nhould not be expected to pnll 
more than one-tenth to one-eighth of itK w('ight. On this bawH, a 1 ,0()0-lb. 
horse can develop 0.67 to 0.83 hp., a 1,200-lb. honse, 0.80 to LOO hp., aixl 
a 1 ,600-11). horse, 1 .07 to 1 .33 hp. 

Studies and te.sts made at the Iowa State Colh'ge- deinon.strated that : 

1. It is poBsihle for horses to exert a tractive efTort of one-tenth to oix^eighth of 
their own weight and travel a total of 20 miles per day without uikIuo fatigue. 

2. It is possible for horses weighing Ij.'itM) to l,9(X) lb. or ov<>r to pull e<mtinuously 
loads of 1 hp. or mon* for jx'rioils of a day or longer. 

3. A well-trained hors(^ ean exert an ov<>rload of over 1 ,0(M) per e<‘nt f<tr a short t im<‘. 



Km. S. A iiorlnlde treml power. 

■i. For a peri(Kl of a few tHstonds and over a limitiHl jlistanee of perhaps 311 ft. or 
less a horse ean exert a tuaxiinum pull of from IW to 100 per cent <if its netual weight . 
Under sueh eonditions title horse may dt'velop ns niueh as JO hp. tir more tlepending 
upon iia siite and pulling ability. 

6a. Animals for Stationary Power.—'Hnrww and mnlcM tuul, to ti I('s.h(t 
degree, cattle and sheep and other eomuion farm aniniiilH ean bt' ntilizt'd 
under certain eonditioiiH for Hupplying Mtationary power. Certiiin 
stationary power-driven machinoB have been and still are htung fiperattnl 
on farms by domestic animals. Tho power for Hindi machinos is gmier- 
ated by tho animal by the use of one or tho other of two devices, nanndy, 
thtf treadmill and the sweep power or a modifieation of tho latter. 'I'lit* 
treadmill (Fig. 6) consists of a crate or pen with an inclined, slidted, end- 
less apron as a floor as found in some manure sprearltus. This apron or 
treiwl passes over a drum or shaft at each end and is also supported under- 
neath by two or more rows of rollers to eliminate friction. A pulley, 
from which the power is taken off, is placed on one of the end shafts, 
'riie animal, sueh as a horse, bull, or sh(‘ep, is placed in the crate with the 


‘ Kiso, “Phy«ic« of Agriculturfi." 
*/<wxj Agr. Exp. Sta., Hull. 240. 



POWER ON THE FARM— SOURCES AND UTILIZATION 9 

head at the high end, and, as it attempts to walk forward, it causes the 
tread to slide backward owing to the force of gravity. The animal will 
continue to tread forward and thus keep the apron in motion and rotate 
the pulley. ^ ' 

The use of the treadihill is limited, owing, primarily, to the compara- 
tively smaE amount of power that can be generated. Experiments at the 
Montana Experiment Station^ showed that a 2,060-lb. bull, walking at a 
speed of 1 m.p.h., developed from 0.75 hp. with a 20 per cent tread slope 
to 1.02 hp. with a 25.1 per cent slope. A 1,250-lb. bull, under the same 
conditions, developed from 0.42 to 0.62 hp. The power developed with 
a treadmill depends upon the weight of the animal, the rate of travel, 
and the slope of the tread. A treadmiU will operate a cream separator, a 
milking machine, a water pump, or any similar light machine. On dairy 
farms it often serves a twofold purpose, 
namely, to provide exercise for the herd 
bull and to supply power at milking 
time. 

Before the development of the 
modern steam and gas engine, the 
sweep power (Fig. 6) wap widely -used 
about . the farm for operating larger 
stationary machines, such as threshers 
and wood saws. In this machine, the 
horses or mules, hitched to sweeps, 
traveled in a circle, and by means of 
an arrangement of gears and a rod 
called a tumbling rod, power was gener- fio. 6.— a two-horse sweep power, 

ated and transmitted to the machine to be operated. The sweep power, 
in a modified form, is still being used to operate hay balers, cane mills, 
feed grinders and stump pullers. 

6. Water Power. — In certain sections of the country are found many 
small streams, which can be harnessed up in such a manner as to develop 
useful power to be employed on near-by or conveniently located farms. 
Such sections of the country,' however, are of course limited to colnpara- 
tively rolling and hilly ground. Furthermore, a stream may furnish 
abundant power at one period of the year, but become so low in the driest 
season as to fail to supply sufficient power. The power developed by 
flowing water depends jipon two factors, namely, the volume of water 
flowing per minute, and the head or vertical distance the water drops at 
the point whore the power installation is located. The former can be 
measured either by the float method or by a weir (Fig. 7). The head 



> M<mt. Exp. Sta., Cira. 93. 
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is detonuinod by measuring the difference in surface level b(ifore the 
water falls and after. 



Fill. 7» th« flow with a rtn'iniigulnr wmv. 

K<>r (‘x:;iinpl(% HiiijpoKo that th« foltowinii: Htmiin !mva 

baan luath*: 


Ft. 


Avrnigi* wiilth 12 

Avt«mgi» tli’filh 2 

|jt«r itiinntt* 

llimtl 4 


KIJo\vln^^; tliiit watar wdgliB 62.4 Ib. prr cubit* ftirit aiitl tliiit liliOIH) 
ft.-lb. }x*r minute in eciiml to I hp., the tlmoratical power avivilfible from 
the Btraiifii k 


12 X 2 X 62.4 X 16 X 4 . ^ . 

33,000 

Owing to frictional Ioksch in the water wheel or other meanH iised, the 
actual available honsejiower would pntbnbly he Homewhat Ichh than 2.7, 
Devi(!<!8 u»od for converting water power into UH<'fuI form are generally 
cla«Hod aa either water wheels (Fig. 8) or turbiniw (Fig. 0), 

7. Wind Power.— The energy of the wind for farm uae, like that of 
flowing water, is more or less limited, chiefly because it cannot lie con- 
trolled and is seldom available when needed. Consequently, the use of 
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wind power on the farm is confined largely to water pumping, because 
whenever the wind blows, even if but once or twice a week, enough water 
can be pumped and conveniently stored to la'st several days, or until the 
wind blows again. The power of the 


wind is made available by means of the 
common windmill. 

The power developed by this device 
depends primarily upon the size of wheel 
and the wind velocity. However, a 
number of other factors such as type of 
wheel, design of wheel and mill, and 
height of tower affect the performance of 
a windmill. The theoretical power of a 
stream of air passing through a circular 
area perpendicular to the direction of 
travel of the air is represented by the 
formula 



Hp. = 0.00000525Z)2TF» 


Tig. 8. — An overshot water wheel. 


where D — maximum diameter of wind wheel or circle. 
W = wind velocity in miles per hour. 



Flu. 9.*-~A wator-turbino installation for generating electricity. 


Owing to certain reactions between the wind and the revolving wheel 
and to mechanical imperfections, it is usually considered that the actual 
efficiency of the common multisail type of farm windmill based upon this 
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formtilii will l)e approxiniately 30 pc^r c<int for wind velooitien np to 10 
in*p.h., 20 per ec^nt for wiml veloeitioH of 15 and 20 m,p.h., and 15 per cent 
for wind veloeitien of 25 nnpiu or mote. Table 111 giv<^H tlu^ ai)pro}dmat(; 
liorHC'power (l(‘V(‘lop(‘<l l>y windmilln of variouH nizen and at <iiffer<nit wind 
velo(nti('H, baned upon the* above aHsuiuptionK. 


Table III, Fowee of Winbmillh foe Whkklh of Difkehknt Hizkh and foe 
Diffeeent Wind Vm.oenaEK 




IMfimHEr of wind wh(*(*I, ft. 


Wind vdority, in.p.h. 

- - 







n 

8 

10 : 

12 

j 

14 

10 

6 

O.OI 

0.02 

0.03 

0.05 

0.07 

0.00 

10 

0.00 

0.10 

O.lfl 

0.23 

0.31 

0.40 

15 

0.13 

0.23 

0.35 

0.51 

0.70 

0,01 

20 

0.30 

0.54 

0.84 

1.21 ' 

1 ,05 

2.15 

25 

0.44 

0.70 

1.23 i 

1.77 

2.42 

3.15 

50 

0.77 

1 .30 

2.12 

3.00 

4.10 

5.45 


The airplane type wind wlH*eb eonunonly UM<*d wh(*r(‘ high npee^d in 
deHirable, an in the eane of winel-driven tdeetric plantn^ likely ban a highe*r 
effieieney than the (ordinary farnt-wiiHlmill type* of w'h<*eL 





Flo. 10,*— A portabk mfitor for fitrm iiio* 


8. Electricity. Fnniis that are lo(?ate(i on the outHkirtw villagCH 
and riticK or altniK croMK-country electric tranHuiiHKion litiea, (fan, in niany 
caHw, ntirwtf thin wy-calUal central-Htation current for Htatjonary-pow('r 
purpoHCH a« well as for lightinjc. Machines for converting dectrical 
(‘tiergy into uwfful mechanical (fnergy are called electric motors. Such 
motors (Fig. 10) have numerous advantages. They are small, (■omi>acl., 
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and light iii weight for the power develojped, are made in any siaje desired, 
produce smooth, uniform power, make little noise, seldom require attem 
tion or give trouble, start readily, and are well adapted to varying as well 
as uniform loads. However, even though the farm is favorably located, 
the expense involved in transmitting the current or tapping the trans- 
mission line is often found to be excessive, and, therefore, the use of 
central-station electricity for power would in such cases be impractical 
Much thought and attention are now being given to the problem of a 
wider use of electricity for^ farm power as well as for lighting, and the 
number of so-called electrified farms is rapidly increasing. 



Fig. 11. — A complete stationary steam-engine layout. 


9. Heat Engines. — Fortunately, about the time that the demand 
arose for larger power-producing units for operating such stationary farm 
machines as the thresher, the wood saw, the corn shredder, and the 
ensilage cutter, the steam engine and, later, the gas engine were invented. 
These engines are known by the engineer as heat engines. In either case, 
whether it is a steam engine or a gas engine, some kind of combustible 
matcirial known as a fuel — particularly wood, coal, oil, or natural gas — is 
ignitcxl, combustion takes place either slowly or rapidly, heat is produced 
and utilized in such a way as to create pressure, and the latter, when 
appli<d to certain movable parts of the apparatus, produces motion, and 
therefore energy and power. 

The steam engine (Fig. 11) and the ordinary gas engine (Fig. 12) are 
the two (common types of heat engines. In the former, the heat of 
the burning fuel is applied to water in a closed receptacle called a boiler. 
As the water becomes heated, it is converted into steam. As the heating 
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contiluuis, more steam is formed and iuKh pnnssure nwiilts. This .stoani, 
nn<i<!r pressure, when conducted by a pipe into a cylinder behind the 
piston, places the latter in motion and thus g(‘n('ra<.es power. Siiu;e tlu^ 
fuel is ignited and burned outside the eylituh^ and its heat energy 
applied indirectly to the piston by an int(‘rmediat(i medium, namely, 
w’at('r vapor, the steam engine is called an (>.xternal-ct>mbustion <'ngiu(>. 

The gas engine resemlihis the steam engine in that the im'ssurc; is 
applied to a piston sliding back and forth within a cyliiuhT, but differs 
grt>atly in the combustion of the fuel and the appli(-ation of the* pressun' 
resulting from the heat produced. In the ease of the common gas (sigim* 
and engiiH's of a similar fyp(‘ the (‘omimstibhi fut'I mixture is first placed 



Fi«, VZ* -A itutianiiry farm guM with flywhcwl wdghUnl Um omnk f(»r 

hfiltinmng* 

inside the cylinder in a gaseous condition an<I compressed before it is 
ignihsi. '■('he ignition of this eonvi»res.sed mixture causes very rapi<i 
e(»mbustion aiul an instantaneous applieaiion of pnwsure to the piston, 
imm* <'omnumly known as an explosion. The piston is conseciuently set 
in motiott and power is generated. Since the ftnd is ignited and Imrmsl 
insid<! the eylinder, the g»is engine is known as an interiml-einnbustion 
engine, and all engnies that ojfjerate in a similar mann<‘r are likewis(» 
known as such. 

ADVANTAGES AND DISADVANTAGES OP DIFFERENT FORMS OF POWER 

10* Advantages and Disadvantages of Animal Power.- Kinsman' 
gives the following advantages and disadvantages of animal power for 
farm work: 

Advantiigcit: 

1. Great resen'e power for cmcrgcncie* and triuporar.v overloads. 

2. Uses fmsl that is prmlucod largely on the farm. 

3. Great flexibility of iiixe of power unit. 

4. Ailapted to practically alt draft work. 

5. Fairly good traction in wet or looews groun<i. 


‘ a. S. DtpL Affr., BuU. 1348. 
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6. Lay up of one animal does not lay up entire power plant. 

7. Can be reproduced on the farm. 

8. Does not require constant attention in guiding. 

9. Relatively cheap type of power in areas where a surplus of both grain and 
roughage is produced. 

Disadvantages: ‘ 

1. Requires feed and care when not working. 

2. Work at heavy loads limited to short periods. 

3. Requires frequent resting periods. 

4. Cannot work efficiently in hot or sultry weather. 

5. Working speed is limited. 

6. Not efficient for stationary work. 

7. Relatively large amount of time required to feed, harness, and care for. 

8. Requires a relatively large space for shelter and feed storage. 

9. Unwieldy when used in large units. 

10. Requires the products from one-fourth of all crop land to feed them. 

11. Advantages and Disadvantages of Tractors. — Mechanical power 
in the form of a gas tractor has the following advantages and disadvan- 
tages in doing farm work: 

Advantages: 

1. Can work continuously at heavy loads. 

2. Not affected by hot weather. 

3. Adapted to draft, belt and power-take-off work. 

4. Has considerable range of working speeds. 

5. Little attention required when not in use. 

6. Requires no fuel when not in use. 

7. Quickly available when needed in an emergency. 

8. RccpiireB small storage space. 

Disadvantages: 

1. Limited overload capacity, 

2. Requires cash expenditure for fuel and lubricants. 

3. Ihiquires some mechanical skill for successful operation. 

4. Inflexibility of size of power unit for economical power production under some 
conditions. 

12. Gas vs. Steam Engines— Advantages and Disadvantages.— The 

gaR (ingine is now used about tlui farm as a Rtationary power unit in 
prefer(UK‘x^ to the steam engine for the following reasons: 

1. Morc^ efficient, that is, a groatc^r p(^rceniage of the heat and energy value of the 
ftiel is c.o!iv(^ri.ed into useful power. The efficieiuiy of the internal-eombuBtion engine 
vari(^H from 10 to 20 pcT (‘.ent whenms that of the external-combustion engine is often 
as low as 3 an<l seffdorn (exceeds 10 per cent. 

2. Weighs less per horsepower. 

3. More compact. 

4. Originarcost less per horsepower. 

r>. Less time ami work necessary preliminary to starting. 

6, L(^hs time and attention reepured while in operation. 

7. Van be made in a greater variety of sizes and types and adapted to many specdal 
uses, that is, has a grtuiter range of adaptability. 
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However, the steam engine likewise has certain distinct advantage's, 
which make it more adaptable to certain kinds of work. Some; of thes(> 
are a.s follows:. 

L Uh(‘h a liireaUir variety of fuolH. 

2. Hpeotl and (‘ornsHpoinling powor morn fltmibla. Internal-cornhuHiioij onginaH 
rnuHt attain a fan'tnin hp<‘<mI hofora tlioy can produoo any pow(T wh<‘r(*UH HtcMiin ongin(‘s 
<*ao h<^ opfTatctl un<U*r load at vary low an W(‘I1 hh at high Hpo(»dH, In fa<*f ^ a gan ongina 
muHt hi* ndii*vi*d of itn lt>a<l Ixdoro it can be BtartCii, btit the Hiixmi engim* will ntart 
(‘Vi‘n agniimt th<* r{*HiHtanc<* of a heavy loiul. 

3. vSinipliT iniadsanically. 

4. Ltil)ri<?ation not «o ilifficnlt. 

5. liiniiiily rt‘Vi*rB«ai ami g«*n<’rai<*H th<‘ nam** powi*r when «^pt^rat«‘ii in citlnn' 
iliriadiiai. 

II, H**adily Hlailctl ri‘ganlh»HH of ty|a% and um<*. 
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CHAPTER II 


HISTORY OF THE INTERNAL-COMBUSTION ENGINE— HISTORY 
AND DEVELOPMENT OF THE FARM TRACTOR 

The first ideas concerning the operation and construction of an inter- 
nal-combustion engine were based upon the action of the ordinary rifle or 
cannon, that is, the barrel served as a cylinder and tbe bullet or cannon 
ball acted as a piston. The difiSculty encountered, however, was in 
getting the piston to return to its original' position, thus producing a 
continuous back-and-forth movement to insure a continuous generation 
of power. 

13. Early Ideas and Inventions. — Nothing of consequence was accom- 
plished before the seventeenth century. In 1678, Hautefeuille, a French- 
man, proposed the use of an explosive powder to obtain power. He is 
said to be the first man to design an engine using heat as a motive force 
and capable of producing a definite quantity of continuous work. Huy- 
gens, a Dutchman, is credited with being the first man actually to 
construct an engine having a cylinder and piston. This device used 
explosive powder as fuel and was exhibited to the French minister of 
finance in 1680. 

None of these early attempts was successful, however, and further 
(efforts in the construction of an internal-combustion engine were aban- 
doned for about a hundred years, owing- to the fact that during the 
eight(!cnth century the possibilities of utilizing steam for power were 
recognized and developed, and the energies of the engineers of that time 
were turned almost entirely toward applications of the steam engine. 
About 1 800 the thoughts of these investigators were again directed toward 
the possible design of a gas engine. During the period from 1800 to 
1860, a number of engines were constructed, none of which were really 
succ,eKsful, Some notable steps were made, however, among which were 
the use of compression and an improved system of flame ignition by 
Barnett in 1838 and the actual construction and manufacture of an 
internal-combustion engine on a commercial scale by Lenoir in I860. 
The Lenoir engine later proved to be impractical, 

14. Beau de Rochas.— Perhaps the individual making the first really 
important contribution toward the development of the present-day types 
of internal-combustion engines is Beau de Rochas, a French engineer. In 
1862 this man advanced the actual theory of operation of all modern types 
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of internal-coinbuHtioni engines. He first stated tiiat the^(^ wtu-e four coii- 
dition.s winch were essential for effuiicnt operation. Thcwe were as 
folio w.s: 

1. T!ic graiitflKt poHsihUi cylinder voIuuk'i wi(h (he 1 <‘IIh(. ixwHihh' conlitig Hurface. 

2. The j?re!i(<*Hi poswibh' piston specHl. 

3. The highest possible compression at the Is-ginning of expiiimion. 

4. The greiit(>st possible expansion. 

The.se principles are still con-sidertsl as fundaint'ntiil and extrenu'ly 
important in gas-engine design. Beau dt? Roehtis propo.sed further that a 
suee{w,sful engint! (*nihodying thc'se prineii>I('s must eonsi.st of a singk* 
(ylinder and ti piston that made a strokt? for each of the four distinct 
ftvj'nts constituting a cycle tis follows: 

!. Drawing in of th<* combustilJle fuel inixttire on an outward stroke. 

2. (^impression <if the mixture on an inward stroki*. 

3. Ignition of the mixture at maximum compression i»rodu<-ing an outward power 
or expansion stroke. 

4. Discharge of the products of comhustion on a fourth or inward stroke. 

15. Otto and Clerk. — Beau do Rochas iu‘ver succeeded in const rueting 
an engine hasttd upon his theories, hut they were promptly neet'pted as 
behtg essential. Although eonsiderahle effort was expende<l in the design 
of an (‘iigine (hiring the ne.x;t few years, it was not until lH7ff that Dr. 
N. A. (Hto, a Ocrmiin. patented the first rtuilly successful etigim* (iperatiug 
on this four-sf rokt'-cyclc princi])It‘. The engiiK‘ was first exhibited in 
1878. This cycle, although originally pr<tpo.sed by Beau dt! Rochas, is 
commonly ktjown as the Otto cycle. 

The invention of thts four-stroke-eyeh^ engiii(> by Otto was soon 
followed by the issue of a patent, in 1878, to Dugald Oli*rk, an English- 
man, on tlte first (\vo-.s(roke-cyclc engine, that is, an engine producing 
one {K)wer impulse for every revolution itjstead of for ev<»ry two revolu- 
tions. This particular engine was not marketed at <mre, howevttr, and 
was not really perfected until 1881. 

16 . Diesel. — Another notable contribution to the devtdopnmtit and 
varied application of the intcnjal-combustion engimf was tlie work of 
Dr. Diemtl, a German engineer, who eoneeivi'd the idea of utilizing tiie 
h(‘at produc(!d by high eompression for igtiititig the fut'l charge in the 
eyiittder. In 1892 ho socured a patent on an engine designed to optfratt* 
in this manner. This first machine proved unsatisfactory, however, and 
it was not until about 1898 that the first successful Diesel-type engines 
were ijrodueed. During the past Ifi years, rapid strides have been made 
in the development and utiliaation of the Diesel principh' in internal- 
combustion engines for both stationary and tractor appHcmtions. 
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We tWs observe that the invention of the internal-combustion 
engine is a comparatively recent one and that the many finely constructed 
modern types of single- and multiple-cylinder engines have been designed 
and developed almost overnight. But when it is considered that petro- 
leum, now the almost universal source of fuels and lubricants for these 
engines, was first discovered about 1858 and that very little was known 
concerning the application of electricity in the operation of internal- 
combustion engines previous to the latter part of the past century, we 
readily perceive the explanation of the retardation of this invention — now 
considered an indispensable device to modern life throughout the world. 

HISTORY AND DEVELOPMENT OF THE FARM TRACTOR 

A tractor is defined specifically as a self-propelled machine that can 
be used for (1) drawing other machines, objects, or devices in the field 



Fio. 13. — Steam txactor oporatinj; a grain threahcr. 


and along roadw, and (2) for operating stationary machines. The two 
common typos are the steam tractor, in which an external combustion 
or steam engine stipplies the power, and the gas tractor, in which an 
int(!rnal-combustion engine serves as the source of power. 

17. Steam Tractor. — The invention and development of the steam 
engine preceded the internal-combustion engine by 100 years or more. 
Conseciuently, the earliest known tractors were of the steam type. 
They first came into general use for operating threshers (Fig. 13) in the 
wheat and grain-growing sections of the country during the last two or 
three decades of the nineteenth century. Their self-propelling feature 
was utilized primarily for moving about from one threshing job toafiother. 
Later on, with the opening up of the large wheat farms of the West and 
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the matter of boiler-water supply and fueling meant constant attention on 
the part of one man, with a second man to handle and guide the machine. 

18. Early Gas Tractors. — Certain manufacturers, foreseeing a 
greater future demand for suitable ■ mechanical power for field work, 
particularly in the wheat-growing sections of the country, started the 
construction of gas tractors even before the close of the nineteenth 
century. For example, Fig. 14 shows a machine that is said to have 
been built in 1892. Another tractor (Fig. 15) is reported to have been 
put into use in North Dakota in 1897, and Fig. 16 shows the first Hart 
Parr tractor, which was sold in 1902. These heavy, cumbersome-appear- 
ing machines were the forerunners of the present-day tractor industry, 



Fig. 16. — A gas tractor sold in 1902. 

which started soon after the opening of the present century and began 
to gain naomentum about 1905. 

Acciording to Ellis and Ruinelyd 

By the spring of 1908 the builders of the first successful tractor had about 300 
machines in the field and the sales of that year equaled those of the 5 years 
Xireceding. The following year the number in the field was again doubled and 
by the close of the year 1910 over 2,000 of these tractors were said to be in active 
service. Another company began to produce a small tractor in 1907 and by the 
close of the decade was selling several thousand yearly. Dozens of gas tractor 
factories sprang up and practically every manufacturer of steam traction engines 
either went out of business or added an internal-combustion engine to his line. 

These early tractors consisted usually of a large one-cylinder gas 
engine mounted on a heavy frame placed on four wheels. The two rear 

^ Ellis and Kxjmbly, ‘Tower and the Plow.” 
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wIkh^Is wm) eoiine(‘tc(l by a train of hoavy, (‘xposcul cast-iron gears to 
the crankshaft of the engine, thus making th(‘ machine sc^lf-propelling. 
Like the st<aim tra<‘tors, tlu^y mnv. heavy, cumlHU'some, and powerful, 
and scanned to Ix^ dcssigncxl as a mcu’c* substitute for thc^ fornu*r. They 
poss(*ss(‘d certain advantage's, how(‘V(‘r, The* fuc^l was entsieu’ to handle^, 
thcTi^ was lc»Hs watc‘r to Iiau!, and Icsss timci and attemtion wnv, najuircid 
for starting and during opcanitican ()ih‘ man was usually able to liandlc^ 
thc» largest outfit. 

19, The Light-weight Tractor. Al)out 19H) the* d<*sigmn-s turmnl 
tlieir attention toward thc' possibiliiicss of u lighten* w<‘ight gas tra(*ior 
to nu‘cd the approacinng d«nuand of tlu‘ smalhn* grain and liv(‘sto<'k 
farnun* for mechanitnd power, ('onstspundly, about 1913, tlierc! bc^gan 
to appc‘ar on the* marked a munlMU’ of machines, (‘omparativc^ly ligld in 
weight and difbnmig grc'utly in c‘oust rued ion and app(‘arani’C‘. In most 
cases, llH*y wen‘ cH|uippc*d with two- and four-cylindc*r cmgin<\s. 

By 1915, the* farnan’s wcu’e prc^scmtcnl with an annwing array of typens, 
mod<*ls, and siy^^s, ranging from the giant one- or t wo-eylindt»r four- 
wiuH*lt*rs ti> a tracdor attacdimcniit feu* a snudl aut<nnobih». No two 
iiiatdniic*H restanidcH! each othc^r. Some had two whecds, somc^ three, 
and senne* four. Stanc* wc-n^ drivem from in front and <dhc*rs from tin* rear. 
Home* hael tlie plenvs aitaedieat unde*r the frann* while* othe*rs pedle*el thean 
in the* tisual manne*r. (’oinpt*titi<m b<*eame ve*ry inarkeal and large* sums 
of w<Tc^ Hpeail fe>r put^Iie* eleanemstrafieuis. Many of the*Me* freak 

machine's we*re* solel. Hornet prenasf more* or Ie*HS Hueaa*ssful while* e)ihc*rs 
gave* unsatisfactejry re*sults and te*n<le‘d in d<*sire^y the* fnitle of thear 
owne*rs in the* futtin* vahte* ed the* tracteir, True* it was that a fe»w of ttuNse* 
first light -Wiaght trae*teirs we*re‘ uiirenisiinable* in <ie*sign anel we*ak in 
eHaisfrueUion. On the* edhe*r lianel, many of the*m we*re* not. 1'he*ir 
failure* in the* lianels of the farm<*r e*oul<l be* aftnbute*d large*Iy to thet lae'k 
of knuwh'dgc of the*ir op(*nitioii and care*. 

' The jK‘riod of tlie fre*ak traeior was slieul. anel, by 1917, many ed lh<*m 
had disnppoure’d from the* marked, and the* meae* far-Highte*el elt*signe*r 
observed tfiat tfa*re‘ we*re? <*e*rtain funelame*ntalH of trae*tor ehwign that 
liad to be* aflh«*real to. 

20. The World War and the Tractor.^ 'Fhee Worlei War had a ve*ry 

preaiotin'Ce*d e*fTect upon fann-traetor deve*lopment and use. Maximum 
agrk'ulfural prexliie'tion was urgeet, The*re wnis a Hhejriage ed lalmr and 
pricTH hvmmw abnormally high. All tliew fae‘torH me*ant an ine*mise*d 
deanaiid for labor and lime^-saving mae*hine*ry, e*spe*(*ially small farm 
tractors. As a e*onHeein<*iu’t*, a large* number of small traedsir manu-* 
fiicture*rH sprang up ove*rnight, so to Hpe»ak, and placed upon the! iiiarke*! 
!«*twe*e*n 209 anil 3(K) difTe*re*ni makes ami modetis of iiiacliimys, lliese* 
rangiHl from the small iwo-whead gardem traedor to the larger four-whc*el 
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types. The average and most popular size seemed to be a machine rated 
at about 10 to 15 drawbar hp. and 20 to 30 belt hp. The tendency In 
design was toward a four-wheel rear-drive tractor with a four-cylinder 
engine. Most of these tractors seemed to give much better satisfaction 
and service than those of earlier manufacture. 

Thus the war proved to be a great stimulus to the adoption of mechan- 
ical power by the farmer. Farm tractors were being used successfully 
in every nook and corner of the country. 

21. Effect of Agricultural Depression of 1920. — The tractor industry^ 
like many others that were dependent upon the prosperity of the farmer, 
received a severe setback as the result of the unexpected agricultural 
depression in 1920. At this time more than 100 different companies 
were offering about 250 sizes, models, and types of machines. Many 
of these concerns were small and lacked the capital and the organization 
necessary to enable them to compete with the older, larger, and better- 
established companies. They attempted to struggle along; but with 
little or no surplus to draw upon, soon fell by the wayside. Within 2 
years^ time practically every tractor company that had been organized 
during the 5 or 10 years preceding for the primary purpose of manu- 
facturing and selling farm gas tractors was compelled to quit. Even 
some of the older and better-established farm-equipment manufacturers, 
who had entered the tractor business, found little sale for their machines. 

Those companies that were able to remain in the business realized 
that it was no longer a problem of convincing the small or average farmer 
that mechanical power, in the form of the gas tractor, was practical and 
economical. They saw that he was willing to pay the price for a well- 
built, sensibly designed machine that would actually do the work for 
which it was recommended. Consequently, in spite of the generally 
depressed and unprosperous condition of agriculture throughout the 
United States during the years 1921 to 1926, the demand for farm 
tractors continued to grow as shown by the fact that the number in use 
on farms increased from about 250,000 in 1920 to over 500,000 in 1925. 
An analysis of the figures by states (Table V) shows further that the 
greatest increase during this period was in the middle western, eastern, 
and southern states, indicating beyond a doubt, that the small or average 
farmer, as well as the large grain raiser, was now a tractor convert. 

The agricultural depression of lOSO-lOSS was even more pronounced 
than that of 1920. The prices of agricultural products dropped to the 
lowest point reached in many years. Consequently, there was little 
demand for farm tractors and equipment and sales were relatively small, 
particularly in 1932 and 1933. However, the small, low-priced, all- 
purpose tractor was introduced at this time, and, as commodity pri(;es 
improved, an immediate, widespread demand developed for such a 
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tractor. Ah a result, tractor sales increased steadily and maiuifacturers 
were o[)era<inK at capacity by 1935. 

22. Design Standardized. — It is true that very few of the niachinas 
sold (luring this {Hsriod, 1920 to 1926, wt're adapted to doing (‘verything 
iihoul the farm, that is, they w<(re not of tlie all-purpose type; and a 
rc'ally succt'ssful machint^ of this tyjx* was yet to appear (jn the markc't. 
Most of the machines wen' light-W(‘ight, tw'O- or thn'e-plow tractors 
that \v(>re us(‘d largely for plowing and land preparation and for belt 
work. 'I’he owners wi'n^ .satisfied to have something that would pn'parc 
the land (juicker and better and likijwise relievo tlio hors(i of this lu'avy 
work. 

Another outstanding fact was that, during this period, the de.sign of 
thc,s(' tractors, as a whole, seemed more stal)le and uniform. In (jther 
words, there was less variation in design and construction than formerly, 
indicating that the manufacturers had now, aft(‘r years of costly ex|)(‘- 
rieiice, settled Upon many of tlm essentials of a successful farm tractor. 

23. All-purpose Tractors.— The lu'xt and most logical step .sc(>med 
to l«‘ the design of a light-weight, l(*w-j)riced, all-purpos(^ tractor that 
would do any kind of field or stationary work on the avt'rage farm, 
including plowing, harrowing, planting, cultivating, harvesting, threshing, 
or anything reapuriiig similar power. Several machines of this typ(J werti 
designed and sold during the period 1917 to 1921, hut few of them 
ever proved what might be called sueeessful. In other words, it appeared 
to be a diflicidt problem to eonstniet a tractor that woidd be heavy 
and rugged enough to (jlow and harrow tlte heaviest soil, and still h(> 
practical for sncli ligliter j(»hH as planting and cultivating of row crops, 
mowing hay, and so on. 

KfTorts were continued, howevtw, by certain manufacturers to build 
a really sueeessful and practical aU-ptirjKJse farm tractor, and in 1925 
one of these concerns introduced a machine tliat came nearttr to mcf'ting 
the nsiuirejncnts of such a tractor than any that had been pn'viously 
built. Other companies have sinco designed and placed in the field om^ 
or more models of machines of this tyjXf, 

24. Tractor Census.— A nither graphic picture of th<! devidopmcnt 
(»f the tractor is pre.scntcd hy Tables IV and V. 'rh<« figures making 
up 'I'ahlc lY art' largely estimates btistjd tipon census and sales reports 
issued hy tlu* U. H. l)<‘partmenfc of Conunerce and the Farm Implrmrrd 
Nrwx. It will he noted that the first important upturn in the sale of 
farm tractors occurred about 1918 and continued until tlu; reaction 
in 1921. Heavy sales during this period were due in part to the intro- 
duction of a low-priced nuu'hine by the Ford Motor Company, and 
partly to the scarcity of labor and the war-period prosperity. 'I’he 
demand remained below normal for a year or two and then began to 
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increase, reaching the peak in 1927, when 195,000 tractors were manu- 
factured and 156,000 were sold in the United States. Since 1930, the 
sales of all-purpose tractors have far exceeded the sales of all other types. 
For example, a report of the Bureau of the Census, U. S. Department of 

Table IV. — Approximate Number op Tractors in Use on Parms in the United 

States 

January, 1915, to January, 1937 



Number 


Number 


of 


of 

Year 

Tractors 

Year 

Tractors 

1915 

25,000 

1924 

455,000 

1916 

35,000 

1925 

506,000 

1917 

50,000 

1926 

580,000 

1918 

85,000 

1927 

650,000 

1919 

160,000 

1928 

768,000 

1920 

246,000 

1929 

853,000 

1921 

350,000 

1930 

920,000 

1922 

360,000 

1936 

1,248,000 

1923 

400,000 

1937 

1,383,000 


Table V. — Number op Tractors on Farms in the United States by States, 

1920, 1930, and 1936' 


State 

1920 

1930 

1936, 

State 

1920 

1930 

1936 

Illinois 

Iowa 

Texas » 

Kansas 

Ohio 

Indiana 

Minnesota 

Wisconsin 

Nebraska 

Oalifornia 

New York 

Michigan 

North Dakota 

Pennsylvania 

Missouri 

South Dakota 

Oklahoma 

Montana 

North Carolina 

Colorado 

Mississippi 

Virginia 

Arkansas 

Oregon 

23,102 

20,270 

9,048 

17,177 

10,469 

9,230 

15,503 

9,407 

11,100 

13,852 

7,497 

5,884 

13,006 

5,697 

7,889 

12,939 

6,210 

7,647 

2,277 

4,990 

667 

2,544 

1,822 

3,070 

69,628 

66,258 

37,348 

66,275 

52,974 

41,979 

48,457 

50,173 

40,729 

44,437 

40,369 

34,579 

37,605 

33,513 

24,999 

33,837 

25,962 

19,031 

11,426 

13,334 

5,542 

9,757 

5,684 

9,838 

124,882 

113,108 

88,306 

83,881 

73,751 

73.643 
72,509 
70,429 
58,807 
58,766 
55,197 
49,896 
47,289 
46,740 
42,634 

41.643 
36, 894 
21,255 
18,070 
15,514 
12,379 
11,803 
11,358 
11,312 

New Jersey 

Maryland 

Washington 

Tennessee 

Georgia 

Florida 

Kentucky 

Louisiana 

Alabama 

Idaho 

Massachusetts .... 
South Carolina. , . 

Wyoming 

Ari^sona 

Maine 

New Mexico 

Connecticut. . ... . 
West Virginia .... 

Vermont 

Utah 

Delaware 

New Hampshire . . 

Rhode Island 

Nevada 

946 

1,525 

2,635 

1,872 

2,252 

680 

2,029 

2,812 

811 

1,587 

592 

1,304 

1,075 

930 

635 

491 

440 

572 

444 

583 

239 

207 

79 

210 

,8,088 

7,208 

8,388 

6,865 

5,870 

5,618 

7,322 

5,016 

4,664 

4,691 

3,921 

3,462 

4,110 

2,558 

3,410 

2,497 

2,667 

2,792 

2.426 

1.426 
1,600 
1,096 

589 

360 

11,012 

10,882 

10,740 

10,444 

10,122 

9,559 

9,747 

9,507 

7,779 

6,412 

5,469 

5,229 

4,715 

4,465 

4,314 

4,078 

4,013, 

3,489 

3,216 

2,123 

2,763 

1,468 

853 

407 


^ Farm TmpUmmt News, Vol, 62, No. 46 and Vol. 68, No. 7. 
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('"oniinoree, nhowa that, in 1936, this type made up 68 per (auit of all 
tra<‘tor.s proclueecl or 71K9 per (*ent of all wheel traetors nuinufa<‘tiire(I in 
that y(*ar. As a, n‘sult, the muulKU* of tra(»tors on farms in the Unit(*d 
Stat(*s has inenaiscai inark(‘dly in the past fe\x yt^ars as sltown by Tabh^ V. 
Furthermore, the int roduetion and adoption of a stieeessful all-purposi* 
traetor hav(‘ resulttMi in n|)ariial <)r,injnany instaite(*s,a eomphht^ (‘limina- 
tion of animal pow(‘r on many farms tlirouglmut tin* (‘ountry. As a 
eonsefpiemas th<n*e lias iH‘mi a pronounetal deeriaise in tlu^ horse and 
mule* pijpulation. 

Tiie steam traetor Is rai>idly disa{)pearing from th<‘ s(am(‘. A hav 
are still beiuji^ used in thr‘ p:rain-growinjii; setiions for opca'atinji: thr{*shta\s, 
iiut tin* demand has droiiiHal off to praeiindly nothinii; I)eea.usc‘ of ilie 
greater utility of the gas traetor and the inereasrat popidarity of th(i 
srmatl flinssher and tin» (smdnned harvi‘ster-threHher. 

Eefereacae 

la*vi‘ieeiia*iif III "rraetra Design, Tmun, Amrr, SW. nf Apr. Eng.^ VeL 10, No. 2, 
Faftors Inllneneiitg Traetor l>eve|eei{riait, TntftH. Amrr, Em\ A gr, Eug,^ VoL Ifn 
’rfatiieney a! Farnt Tritefer Denign, Tnum, Amrr, Sm\ uf Agr, Phtg,^ VoL Ih L 



CHAPTER III 


MAKE-UP OF A SIMPLE GAS ENGINE— NOMENCLATURE ' 

AND DEFINITIONS 

The ordinary single-cylinder stationary farm gas engine is a good 
example of the simplest type of internal-combustion engine, and yet its 
construction is essentially similar to that of the more complicated and 
powerful types. Therefore the following discussion will apply particu- 
larly to such an engine, and will likewise be applicable, to a large extent, 
to practically all other types. In other words, the various parts and 
systems which are discussed, are common to nearly all engines and 
necessary for their proper and efficient operation. 

26. Principal Engine Parts. — ^The parts and systems making up a 
simple stationary farm-type gas engine are as follows: 

1. Base or frame. 

2. Cylinder. 

3. Cylinder head. * •, 

4. Piston. 

5. Piston rings. 

6. Piston pin. 

7. Connecting rod. 

8. Crankshaft. 

9. Flywheel. 

10. Valve system. 

a. Valves — intake and exhaust. 

b. Cam gear and cam or camshaft. 

c. Push rod. 

(i. Rocker arm. 

11. Fuel-supply and carburetion system. 
a. Fuel tank. 

5. Fuel line. 

c. Fuel pump. 

d. Carburetor. 

e. Manifold, 

12. Ignition system. 

a. Battery or magneto. , 
k Coil. 

c. Sparking device. 

d. Timing mechanism. 

e. Switch and wire connections. 

13. Cooling system. 

a. Tank, radiator, or water hopper. 

27 
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b. Pump (in forced circulation Hynlem only). 

c. Water jacket. 

d. Fan, 

r. PipcH and ccaiueetionK. 

14. Luhn<*ati<ai Hyntem, 
n. Oil and greaw* cupH. 

Ik Oil pump, 
c. Oil iincH. 
fl. Oil gage, 

Ifh <tovcridng Hynttutn 
«. W«*ightH and Hpringn. 

k Dettmt arm ru lingiu* (in hit-nud-miHH Hyatcm tmly). 
r. Throttle hut iertly tin thrtU lie Hynlem only). 


crimmn 

HEAD 


TON0UCANO 
moovt FOU. 
LocATma " 
crunmn 


CAAr^KSHAFT 



mm 


Flo, 17. cylinder, water renervoir, iiitd cylinder hend ewitt mnainitely, 


26. Base or Frame. Ilir hunt* or frame of an tuigitn* (Fig. 17) ih that 
pari, iiHiially riiiulo of cant troti, to whieh all ofla*r partH of fla* luigiiie are 
diiwtly or indirectly attached. It in mjnippml with lioh^n, iiHually four in 
iinniher, hy whieli tin* tnighie may be firmly anehonal to iIh ftnmdafion. 

27. Cylinder.*’- -('ylindera art* ordinarily matle of high-grade* gray ea^l 
iron and may ho cnHt with the (*ngine haw* {Fig* IH) or cant aeparatt^ly 
I Fig. 17). The former eoimtrnetion in confined largely to tin* Hinaller 
nhoH nf engines, whereaa tla* thdaehahle eyliiitier ia preferred in the 
iia^diiiin and Iarg(*r hij^ch. Attat*hing tin* cylinder and haw* tog(*th<»r 
prodnees rigid eoiiHinietion but neeemtateH a greater out lay if lht» eylin- 
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der must be replaced when worn or damaged. This objection is some- 
times overcome by using a removable cylinder wall or lining as shown in 
Fig. 18. If the cylinder is not a part of the base but is bolted to it, care 
should be taken to keep the bolts tight and retain the proper cylinder 
alignment at all times, thus reducing breakage and wear. 

28. Cylinder Manufacture. — In manufacturing cylinders and cylinder 
blocks, a number of distinct steps are involved, as follows: 

1. Melting and casting. 

2. Cleaning the rough casting. 

3. Machining: planing and milling. 

4. Boring, drilling, and tapping. 

6. Grinding the wall 

6. Honing and polishing the wall. 







Fig, 18. — Base and cylinder in one piece with removable cylinder sleeve. 


The grinding process consists of removing a thin layer of metal and 
producing an absolutely true bore by means of a somewhat coarse abrasive 
grinding wheel revolved at high speed. Ploning is a finishing and polish- 
ing operation performed by a very fine-grained revolving stone. This 
opc^ration j)roduces a bore of exact dimensions and a mirror-smooth 
snrfatu^, which will provide the most efficient lubrication and the least 
pOHHil:)l(^ wear. 

29. Removable Cylinder Liners. — Some stationary engines, most 
tractor engines, and even some truck engines are now equipped with 
removable cylinder liners or sleeves (Figs. 18 and 58). The possible 
advantages are (1) overhauling and rebuilding the engine is rendered 
relatively simple, easy, reliable, and satisfactory at a reasonable cost, 
that is, by inserting new liners with new factory-fitted pistons, rings, and 
piston pins, the engine is practically restored to its original ne w co ndition 
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HO fur m the (*yrm(l(M's and pintons am (*oiu*enHHl; ( 2 ) in caHe one cylinder 
iH H<*onHl nr daina| 2 ;ed, it h(‘ (easily n^pain^d and the original bore and 

balance^ n^tained; and (li) a high<‘rgra<le 
of (‘ant iron or an alloy with Ix'tter wcuir- 
r(*slsting propcniicH (am bc^ uh(hI for 
!in<‘rH, wlaiaais to make tlu^ entin^ 
block of Hindi mabadal woidd h(‘ too 
(‘Xp(Mi.slv(‘. 

30. Cylinder Head.— ('ylindi^ 
h(‘adH (Fig, 17} an^ mad(^ of cast iron. 
In niost casi^s th(y an! (hdatdiabk! 
fnnn tln^ cylindin* bnt an* sonndinnns 
(‘Hst with it (Fig. Ib). Wlnm c^ast 
s(*parately, a gaslod of some* nonbnrn- 
ing liiatcrial most nsinl to prma^nt 
loss of (*ompr(‘ssi()U and l(»nkag(* of tlu* 
cooling rnfuid. Tin* (hdatdiabh* typ(* 
of (*yHnd(*r head is pnderabh* for tin* 
reasoii tliiit it allows lH*tt(*r acc*(‘ssi- 
hility; tliat is, it is inon* c’onvenii^nt 
th(» valves and vlvmi tlie carbon from the cylind(*r and 


T 




% 




Fiti. la*- 


"'CJy tinder ttnd 
tnjwnahi'r. 


h<»ad mini 


to g<*t to 
pist<au 




PISTON 



Fiil. 20,' iiiul t’riiakishnff niimanhly wlw^winn; riniutorwt>i«litcd 

31. Kston. - i’lHton.H (Kip;. 20 ) nr<? ordiitiirily iniuh^ of caHt iron, hut 
ulutninuiii-ailiiy piHttm.s iin* fr('(ju('Utly uned iti niultiplf-rylindcr 
Aiuuiimuu alloy offorH the advantage of Ihuuk lighter in woight hut haw a 
grontiT of cxpuiiHitju anti, thoreforr*, imwt l»tt givou inoro cloar- 

ancp timu tlio ojiKt-iroii jnHton of tha Hjuua nm*. 
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The approximate composition of a common piston alloy is : 


Eleixient. 
Aluminum . 

Silicon 

Nickel 

Iron, max . . 
Copper. . . . 
Magnesium 


Per Cent 
78.00 to 86.00 
11.25 to 15.00 
1.00 to 3.00 
1.30 

0.50 to 1.50 
0.70 to 1.30 


The principal characteristics of this alloy are (1) low coefficient of 
(jxpansion as compared with other aluminum alloys, (2) hardness 
and resistance to wear, and (3) good mechanical properties at high 
temperatures. 

Another piston alloy especially adapted to high-temperature con- 
ditions consists of : 


pllcment 

Aluminum 

Copper 

Nickel 

Magnesium 

Iron, max. . . . ! 

Silicon, max 

Other impurities, max 


Per Cent 
90.00 to 92.00 
3.75 to 4.25 
1.80 to 2.30 
1.20 to 1.70 
1.00 
0.70 
0.20 


The piston of the engine is made to move back and forth in the 
cylinder owing to the explosion of the fuel mixture. This back-and-forth 
movement of the piston is transmitted through the connecting rod and 
crankshaft to the belt pulley, and thus power is generated. The piston 
must fit in the cylinder in such a way as to move freely, but excessive 
looseness is undesirable. 

The term piston clearance is applied to the space between the piston 
wall and (cylinder wall. For cast-iron pistons, this clearance, at the 
dosed end, when the engine is cold, should be about 0.001 in. for each 
inch of (‘ylinder diameter. Most pistons are slightly tapered and larger 
in diameter at the open end and may have only 0.0005-in. clearance per 
im^h of diameter at this end, owing to the fact that this portion of the 
piston is not exposed to so much heat as the closed end and therefore 
expands less* Aluminum-alloy pistons require about twice as miudi 
(dearance as cast-iron pistons. Too much piston clearance will cause loss 
of e()m))r(‘ssion, oil pumping, and piston slap. Too little clearance will 
cause tlie piston to stick or seize in the cylinder as the engine gets hot. 
Howevea' a piston may S(uze in a cylinder even though it has tlui i)roper 
clearane.e, owing to the improper action of the cooling system or to lack of 
cylinder lubrication. 
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32. PistoE Rings. — Piston rings luv. nuulo of cnist iron. The* nuinlmr 
<}f rings per piston varies from thro<^ to senTip <lep<mding upon thc^ type^ 
of engine and the eompn'ssion desirc'd. The ordinary typ(‘H of (engines 

seldom have mon* tlian three or 
four rings, althougli fivti may be 
us(hI in tra(*tors ami in similar 
h<‘avy-duty engiiuNs. I )i(‘s(‘l4yp(^ 
engimss soim^iim^s havc‘ as numy 
¥m. 2U pUiun butt rings. Th(‘ ftuietion of 

the piston rings is to rtdain com- 
pn‘ssi(«i, ami, at th(‘ sanu* time, tin* eylimhn-wall and piston- 

wall <‘onfiu*t area to a minimum, thus preventing frindion losses and 
ex<*eHsive \v«*ar. 

Piston rings are classed as <»ompr(‘ssion rings and oil rings (Figs. 21 
ami 22), depending upon tinar sp<s*ifie fumdion and location on the piston. 
( 'ompr(^ssion rings art* usually plain ont'-pitaa* rings and an* always 






C 0 

Fiu, of rtri»s»* anti 4. Hnvnl juitU, 

rinn. D» ring. 


H. jtiiin. 


pliiccd in (In* gn«»v<"M twarcHf th<‘ pwton hcfuL Oil ringM nr«* gr<)(>v<*(i or 
nlottod and an* located either ijt tlie hiwenl «ro<»V(t above the piHtoti pin 
or ill a gr<M»ve near the piaton akirt. 'I'heir fuiK’tion, ohviiniHly, in to 
eontrol tlie diHtrihntion of the liihrieatlnfi; oil to the eylinder ainlpiHton 
Hurfaeea and to prevent unneeewHury or exetwives oil eon, sumption. 

Whfai removed from the eylinder, piston rings are always slightly 
larger in diameter than the eylinder itself and must be eompnwed when 
inserted. Three kimls of joints are found- tiie bevel joint (Kig. 22.4), 
the lap joint (Fig. 22/#), ami tin* plain butt joint (Fig. 21). Neither has 
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any particular advantage over the other, although it is claimed that 
the lap joint is preferable as it offers less opportunity for any loss of 
compression. 

Piston-ring clearance is the distance or space at the joint of the ring 
when it is in the cylinder. It is usually about 0.001 to 0.002 in. per inch 
of cylinder diameter. This clearance is necessary to allow for the 
expansion of the ring as it gets hot. Otherwise, without such clearance 
the ring would buckle and break and, consequently, injure the cylinder 
and piston of the engine. Too much piston-ring clearance is apt to 
produce leakage of compression and possibly waste of lubricating oil. 

Piston rings may be of either the concentric type (Fig. 22C) or the 
eccentric type (Fig. 22D). The latter is thicker opposite the joint while 



tening piston pins. A, pin 
clamped to connecting rod. 
n, pin fastened to piston. 



Fig. 24. — floating 
piston pin. 


the former is of uniform thickness. The advantage of the ecicentric type 
is that it is less flexible and therefore hugs the cylinder wall better. 
However, the groove in the piston must be deep enough to receive the 
thickest part of the ring, and therefore is too deep for the thin part at 
the joint, where it may produce compression loss. The concentric type 
of ring Meem.s to be more popular. 

In fitting and replacing piston rings care should be taken to see that 
the ring is free in its groove but not too loose, that it has the proper 
clearance, and that the joints of the ring are not in line when the piston is 
inserted in the cylinder. Some pistons are equipped with anchor pins in 
the piston-ring groove, which prevent the ring from working around in it. 

33. Piston Pin. — Piston pins are made of casehardenod steel. The 
function of the piston pin is to connect the connecting rod to the piston 
and, at the same time, provide a flexible or hingelike connection between 
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the two. I’hn'.ft difforoiit m(‘tho<Ls an; u.schI to anchor piston pins so 
that they cannot work .si(ltn\'ay.s and scon; the* cyliiuh'r. Tlx' finst is to 
clamp liic ])in to the conmadinK rod Ity means of a clump screw or set- 
screw (Fis. 23.4), so that the* hearing will he at each end of th(‘ pin whore 
it fits in the piston. In the second cast*, the pin is anchored to the piston 
hy means of setscrews and the hearing is in the connecting rod (Fig. 23/1). 
In the thinl method (Fig. 24), the ptston ])in is allowt'd to float, .so to 


PISTON PIN 



I SCAH 

connecting 
ROD 

SPONZE 


&USHIN0 

P C M 0 V A B L E 


BEARING 


Fit#, 'ifi. 'flut iiitmi nmimon <y|M' of rtnl. 


Hprak» or niovo in hoih tho piston hihI connortiiif^ rod, hut Is lu*ld in phu^n 
hy inoauH of rotniniug rings at omdi on<! <ff tho pin. 

Homo kind of a romova!)lc* Imshing, usually hroiis;(* (Fig. 25), is plaood 
oilimr in tin* (’onn<*(*tIug rod or in thn pistmi to roroivo t!a^ W(‘ar. Whon 
tho pistou«pin hoariug hia'oiuos hndly worn, this hushing ran ho rouunuHi 
roa<li!y and n^pho't^l. Froqmmfly, hnwt^vor, it is nooossary to r<*plfU»o 
IhiIIi tin* piston pin and tho ImshiuK. 



Fai. liti*'' rnd. 

34. ComiecliDg Rod. — ('oiinecting rods an? made of what is known as 
drop-forged steel. They must ht! of sonu^ mat«>rtHl that is neit.h('r 
hriith* nor <lucfile, that is, they must stand a twisting strain lad. should 
not break or hend when wihj<’(’te<l to such a Htrain. 'I'he I-henm type 
(Fig. 2r>) is fli(> j)rev:ulliig conneeling-rod shape. It gives strength with 
less weight ami material. 

Figure 2(1 illtisf rates what is known as a tnarinr-iifpr rn/inrrtiiig rod. 
As slamm, it is ,so made that hoth halves of th<‘ heurtiig are nnuovahle 
from tin* connect log rod proper. 'I'liat eml of tin* rod fashmed to the 
piston pin is known as the snuill end, an<i the other end, which is attaehetl 
to the crankshaft, is spoken of as the large etui of the connecting rod. 
'rite large end ordinarily has what is known as a HplU bmrin^. 'I'he 
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bearing metal, usually babbitt, may be cast directly in the connecting 
rod or in ^ removable bronze or steel backing or shell. When the bearing 
becomes worn and loose, it is adjusted by means of shims or thin metal 
strips, but replacement with a new bearing is often necessary. The 
removable bearing-shell type is usually cheaper to replace than that 
having the babbitt cast in the connecting rod and bearing cap. The two 



Fig. 27. — Two-cylinder crank- Fig. 28. — Typical four-cylinder crankshaft, 

shaft with opposed cranks. 


halves of the bearing are held •together by either two or four bolts, depend- 
ing upon the width of the bearing. 

36. Crankshaft. — Crankshafts are made of drop-forged steel, and 
carefully machined, ground, and polished at the bearing points or 
journals. The journals that support the crankshaft and hold it in 
position are called main journals, whereas the part to which the connect- 



Fia. 29. — Flywhool hollowed out adjacent to crank for balancing. 


ing rod is attached is spoken of as a crank journal. Figures 20, 27 and 
28 illustrate various types of crankshafts. 

36. Flywheel. — Flywheels are made of cast iron and serve two 
purposes. They assistdn maintaining a uniform engine speed, especially 
in one-cylinder engines, and, second, provide a means of balancing the 
engine properly so that vibration and wear are reduced to a minimum. 
Uniformity of speed is maintained by the inertia of the heavy 
flywheel. Correct balancing is obtained by making a certain portion of 




m 


FARM OAS ENGINm AND TRAaTOEi^ 


tile flywheel jiiat opposite the crank journal of the cranksliaft heavier, 
as in Fig- 12^ or by niaking that portion of the flywheel rim adjacent to 
tin* <‘rank journal lighter, as in Fig. 29. Corre(*t me(‘hani(‘al balaiu^e 
may 1 k^ obtained also by placing v^hat are known as (H>uni<‘rw(‘ightH on 
thc^ (crankshaft of th(^ <mgine, as illustrated in Fig. 20. 

From th(^ outlim^ givtm (Par. 25) it is notcnl that tlie rernaindtu* of the 
(mgim^ (‘onsistH of six distinct , systems. "Ph(*se various systerns will Ih» 
tak(m up in detail in *HU(*.<auHling chapters. 
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CHAPTER IV 


PRINCIPLES OF OPERATION 

37. Cycle of Operations. — Any intfernal-combustion engine, regardless 
of size, number of cylinders, use, and so on, is either of one or the other of 
two general types. These are known as the four-stroke-cycle type and 
the two-stroke-cycle type, or, as more commonly stated, four-cycle and 
two-cycle. A cycle consists of the events taking place in each and every 
cylinder of an engine between two successive explosions in that cylinder. 
These events or operations in the order in which they occur, are as follows : 
(1) the taking in of a combustible mixture, (2) the compression, of this 



A B ^ D 


Fig. 30.— Two-port, two-stroke-cycle engine operation. {Courtesy of Vacuum Oil Company.) 

mixture, (3) the ignition of the compressed mixture, (4) the expansion of 
the burnt gases producing the power and (5) the exhaust of the products 
of combustion. 

In the two-stroke-cycle engine, two strokes of the piston or one 
revolution of the crankshaft are required to complete this cycle. In 
the four-stroke-cycle type, four strokes of the piston or two complete 
revolutions of the crankshaft are needed, and the four strokes are fre- 
quently referred to as suction, compression, power, and exhaust, respcc;- 
tively. It must be kept in mind that in engines of more than one cylinder, 
this cycle of events must be carried out in each of the cylinders, that 
is, one cylinder cannot perform one event and another perform the 
second, and so on. Also the events can take place only in the order 

37 
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Htatod. A bettor uuderKtaiuiing of tlu'HO priiuiiploM of operation may be 
obtained by reb'rring to the following c.xplanalion and illuHtrations. 

38. Two-stroke-cycle Operation. — important characderistieK of 
two-Htrok<M‘ycIe eonstruetion must h(' noted and kept in mind: first, that 
jjorts or op('nings in the eylinder walls at some distanc(^ below the head 
serve as intake and <‘xhaust valves; and second, that the open or crank 
end of th(^ eiigine eylinder is eompletidy <nieIos(!(L R((f<Tring to Fig. 30/1, 
flic piston in its upward trav(*l has closed the {jorts c and h and is com- 
pressing th<‘ charge. At the same time th<! crankciise volunu; is being 
increjised and tin* fuel mixlun* is drawn into tint erankciise thnnigh an 
op<'ning tl to be conipre,ss<‘d on the next downward stroke of the piston 



Ftii, ni. Thrw-f>f»rt, 


and forced througli a connecting passage / into the combustion space 
when tlie inlet p<»rt c is uncovered. Near the end of tlie upwarti or 
compression stroke of the piston the spark is pro<luce«i and tlie compreascd 
charge is fired. The i xplosion and resulting expansion send the piston 
downwurii on its power stroki‘ (Fig. SOU), near the end of which the two 
}«>rt.H arc uncovered as shown by Fig. 30C. Kvim thougli the piston is 
nearly at the end of its stroke, eonsiderable pressure remains in the 
cylinder thus fiircing the products of combustion out tiirough the exhaust 
[Mirt h. At the same time, the fresh mixture in the crankease has been 
compre.s.se<l on tlie downward stroke and passes upward through the 
intake port to tiie eomhiistion chamber as shown. The piston has now 
i-ompleted two strokes, and the crankshaft has made one revolution, thus 
completing the cy<de. 

Figure 31 illustrates the thns'-port type of two-stroke-cyele engine in 
which the fuel mixture enters the erankoase through a third jiort, which is 
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uncovered by the piston on its upward travel. Figure 149 is a cross-sec- 
tional illustration of a heavy-duty two-stroke-cycle oil engine. 

Further explanation pf questions that may arise in the mind of the 
reader concerning the operation of this type of engine will be made later. 



Fig, 32. — Four-stroko-cycle operation — beginning of the intake stroke, with the intake 
valve open and air and fuel being sucked in through the intake passage. 

39. Four-stroke-cycle Operation. — Figures 32^ 33, 34, and 35 show 
the usual four-stroke-cycle construction and operation. It will be 
observed, first of all, that an enclosed crankcase is unnecessary and that 
valves located in the cylinder head are used instead of ports. Starting 
with the piston at the head end of the cylinder (Fig. 32\ it moves toward 
the crank end, drawing in a fuel mixture through the open inlet valve. 



Fkj. SS.— Four-stroko-cyclo operation — starting the second or compression stroke 
in which the i)iston compresses the fuel mixture, both valves being closed so that the 
mixture cannot escape. 

Soon after the end of this stroke, the inlet or suction valve closes and the 
mixture is compressed as the piston returns to the head end of the 
cylinder (Fig. 33). Near the completion of this stroke a spark is pro- 
duced that ignites the charge causing an explosion, which, in turn, sends 
the piston on the third or power stroke (Fig. 34). Near the end of this 
stroke the exhaust valve is opened, and the burned residue is completely 
removed from the cylinder as the piston travels backward toward the 
(iylinder head on what is known as the exhaust stroke (Fig. 35). The 
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piston has now passed through four complete strokes, the crankshaft has 
mad(‘ two rcn'olutious, and a <‘ycle has bisen (u)mpl<»ted. It is thus 
oi)H(‘rved that thc^ two-strokc'-cych^ singhMylinder (iiigino has a power 
impulse for each revolution of the crankshaft; an<l that the four-stroko- 
eychi single-cylinder (‘ngine givfis one powor impulse in two revolutions. 



Fiu, ♦'M, with both vhIvom xtiil t'lowtni, ii Hpjtrk 

tin* rhwrgi* witich hwrnti hmt luuJ tintior high prwHuro 

whit'h urniih iigiihiiit IIm' ihwton imtl tho third or jntwt'r Htrnk<». 


This explains why heavy flywln'cls are ne'cessury on omvcylinder <‘ngineK. 
Were it not for these flywlieels, such an <>ngin(> when inuh'r load would 
have a teiulcney to l(m(< sptssl hetwecm «*x[>l()sions. 'riiese flywheels, 
owing to their iiuTtia, carry the piston through tlnwe so-called idle 
strok(!s in spite of the resistanee offensl hy tlw load and thus niaiiituin 



Fid. F«mr»«tmkiMiya|i5f diHiwtidn- fuurth or i^xhiitwi iirdkf»'. Thd nxlmtwt 

vulvif dpfm#4 ttiid th«^ buriiiMj tfin.t#ri»t In ilrivtdi dut by this iiintdii « It mmm lm**kw*trd 
into thi« f^yliiidtr, 

imiforiiiity of speed. A one-cylinder two-strokc-cycle engine will not 
Miquire so luuivy a flywheel as the four-stroke, owing to the fact that it 
fires twice jis freciuently. 

40. Multiple-cylinder Operation. — As pn^viously stated, these prin- 
ciples of oi>erati»n likewise apply to inultiple-<!ylinder engines. That is, a 
four-cylinder four-strokc>-cycle engine is nothirig more than four single- 
cylinder four-stroke-cycle engines built into a single unit; or a two- 
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cylinder two-stroke-cycle engine is nothing more than two single-cylinder 
two-stroke-cycle engines built into a single unit. 

A better understanding of the application of these principles to 
multiple-cylinder engines may be obtained by reference to the following 
illustrations and explanations : Fig. 37 A illustrates the usual construction 
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Fio. 36. Fia 37. 

Fig. 30. — Chart showing occurrence of events in a two-cylinder four-stroke-cycle engine 
with crank arrangement shown in Fig. Z7B. 

Fig. 37. — Crank arrangements for two-cylinder, twin engines. A. Opposed cranks. 

B. Twin cranks. 

of a two-stroke-cycle two-cylinder engine. . Note that the crankshaft 
consists of two opposite cranks; therefore, the pistons will move in 
opposite directions at all times. A cycle will be completed in each 
cylinder at every revolution of the 
crankshaft, but a power impulse or 
explosion will occur at every half turn, 
or there will be two explosions per 
revolution. Figure 37B illustrates a 
typical two-cylinder four-stroke-cycle 
engine layout. Note that the cranks 
on the crankshaft are arranged side by 
side, and that the two pistons move Fk». 38.— Crankshaft and cylinder 
together. By reference to the accom- ^roZ-cyclfenw'ne^ four-«ylinder f<mr- 
panying chart (Fig. 36), it will be noted 

that there will be two power impulses during two revolutions of th(^ 
crankshaft or one power impulse for each revolution; that is, when piston 
1 is on the power stroke, piston 2 is on intake, and so on. It is possible 
so to construct this engine that both pistons would be doing the samc^ 
thing at the same time and, consequently, both explosions would conu^ 
at the same instant, but such construction is never used in practice. 
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Figure 3B illuwtratf'H the u-sual four-(‘yliii(l«^r f()ur-Htrok(i-(!ycle cou- 
.structiou. Four-cyliiulur <T!ink.shaft.s ar<! always arraiig(‘(l as shown, 
that is, cranks 1 and 4 are togidhcr and opposite craJiks 2 and 3. Refer- 
ring to the chart (Fig. HSl) an<l assuming that, piston 1 has just receiv<‘d 
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a power impulse so that it is on the power stroke, piston 4 must n<a*eH- 
sarily be on tlu^ intake stroke. If piston 2 is now placed on the compres- 
sion stroke, jiiston 3 must nece.s.s.<irily la^ on the exhaust stroke. 
Completiiig the chart by filling in th(‘ strokes for the four pistons in the 
correct lader, the Jii'iitff nrdvr becomes 1 2 4 3. 
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A second firing order is likewise! jHfssible as shown liy the chart 
(Fig. 40): that is, again a.ssuming that piston 1 is on the power stroke and 
piston 4 on th(! intake stroke, [jiston 2 eouhl be on exhaust and piston 3 
on compression. 'Thus the firing order be{-onies 1 3 4 2. I'fuise are 
the only firing orders pos.sible, however, with such a crankshaft and 
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crank arrangement. Both firing orders are used in four-cylinder four- 
stroke-cycle engines, and neither has any particular advantage over the 
other. 

* The particular firing order used is determined by the order in which 
the intake or exhaust valves operate and by the order in which the sparks 
are delivered to tlie cylinders. Given two four-cylinder four-stroke-cycle 
engines, one having a firing order of 1 -2-4-3, and the other of 1-3 -4-2, the 
principal mechanical difference will be in the arrangement of the cams on 
the camshaft (Fig. 73), which operate the valves. These principles of 
operation likewise apply to engines having six, eight, or any number of 
cylinders, and the proper distribution of the explosions and the firing 
order are obtained by the correct crank arrangement and valve operation. 

41. Firing Interval. — It should now be clear that the advantage of an 
engine having more than one cylinder is that it fires more frequently; that 
is, there are more explosions in the same number of revolutions of the 
crankshaft, and consequently the power is said to be more uniform and 
steady. The greater the number of cylinders, the shorter the distance 
moved by the crankshaft between two successive explosions in the 
engine. The interval between successive explosions in an engine is 
known as the firing interval and is determined in a four-stroke-cycle engine 
by dividing 720, the number of degrees in two revolutions, by the number 
of cylinders; or, in a two-stroke-cycle engine, by dividing 360 deg. by 
the number of cylinders; that is, we know that a circle consists of 360 
deg.; therefore, in making one revolution, the crankshaft would turn 
that number of degrees; or in making two revolutions it would turn two 
times. 360 or 720 deg. The firing interval for a one-cylinder two-stroke- 
cycle engine would be 360 deg., and for a single-cylinder four-stroke-cycle 
engine it would be 720 deg. 

42. Two -stroke -cycle -engine Characteristics. — ^Two-stroke-cycle en- 
gines have the following distinguishing mechanical characteristics: (1) 
the crankcase is enclosed and must be as airtight as possible; (2) ports or 
openings in the side of the cylinder, opened and closed by the piston 
sliding over them, take the place of valves; (3) no valve-operating 
mechanism of any kind is necessary; (4) the fuel mixture usually enters 
and passes through the crankcase on its way to the cylinder; and (5) the 
cylinder is usually vertical. 

Some of the important advantages of two-stroke-cycle engines are as 
follows: (1) lighter in weight per horsepower, (2) simpler in construc- 
tion, (3) greater frequency of working strokes or power impulses, and (4) 
usually operate in either direction. Some disadvantages are: (1) fuel 
mixture controlled with difficulty, (2) inefficient in f\iel consumption, 
(3) do not operate satisfactorily under fluctuating loads, (4) speed and 
corresponding power not readily controlled, and (5) cooling and lubrica- 
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tion morc^ Two-Btroke-cyclo engineB are tiBtuilly inefficic^iit in 

fuc4 eouHUinptioii and frequently give eonHid<*rabIe trouhk* in st a-rting and 
dnrijig (>|)(‘ration, owing largely to the fact tliat e<)inj>l(d4^ (^x}lau.st of the 
hnnuid find residue is e%trc?mely diffieult. Jikewis(‘, th(^ prohhnn of 
pro<hi<’ing tlie fuel mixture and phifing it. in the eylindc^r is a 

<liffieult oiH^ Unl('ss su<di an engine is in p<Tfe<’t eorulition and (*orreetly 
adjusteil at all times, tro\ihle will he a}>t <hn’el<)p. 

It might he assumed that a twt)-stroke«eyeI(‘ tmgin(‘ of a (^tuiuiin here, 
Htrok<% an<l Hpe(*d will twiee as mtndi power as a four-st.roke 

(‘Ugine of the same sixe ami Hj>ee<I, Inaaiuse it would hav(^ twiee as many 
p<nver strok<‘s in a given lime. Hmdi is liot the ('as<% how(*Vi‘r, h<H‘atiH(» it 
is impossible* to g<4 as efTf*etiv(* a eluirge of fuel mixtun* into the (cylinder. 

Thf* renu)val of the burned residue froni tlie eylindf*r is d(»pendent 
enlirtdy up(m the sommviuit greater pressure remaining in tiui eylind(*r 
t hfUi t hat (existing mi the outside wlam the «*xhaust port is opened. Hu^re 
is not a tlislinet exhaitst stroke as in tin* four-sin^ke-eyeh* (mgine to push 
this material out; iheridore its eomphde expulsion is unlikely and the 
iiieciirtiiig fuel eliarge may Im thus eorilaminated and its effeetiveneas 
redueech To prevent the {mssilile i*seape u! a j)oi1ion of tlie im^oming 
fuel mixture through the exhaust port beftire tin* ptHtoii has elosed the 
iatter^ a projiadkin kncm*u m a tietleetor, as siiowti by g In Fig, 3(h is 
plaeed on tin* elosed end of thi* |>iston at the point where it pasHes the 
intake port. As tin* nann* implies, this deviee d{*flec*tH tin* eharge iti an 
upward direetiem towanl the eyiinder ln*ad. 
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CHAPTER V 


STATIONARY-ENGINE TYPES— ENGINE SPEEDS— PISTON 
DISPLACEMENT— COMPRESSION 

■ Internal-combustion engines are made in various types and sizes 
according to the purpose for which they are to be used. They may vary 
according to the number of cylinders from one to twelve or even more. 
Engines for stationary farm use are usually of the single- or two-cylinder 
type. Farm tractor engines have two, four, and six cylinders. For 
automobile engines four, six, eight, and twelve cylinders are used. 

43. Cylinder Arrangement. — According to cylinder arrangement, 
engines may be designated as horizontal, vertical, V-type, and so on. 



Fig. 41. — A vortical four-oylindor engine for stationary -work. 

Most of the single-cylinder farm engines are horizontal (Fig. 12). The 
vertical type is used to a limited extent. The horizontal engine has the 
advantage of offering greater accessibility and possibly simpler construc- 
tion. The vertical-cylinder engine wears more uniformly about the 
piston and cylinder walls and is less affected by vibration, owing to the 
fact that the vibratory action is 'vertical rather than horizontal. 

Multiple-cylinder engines are usually of the vertical type, as shown 
by Fig. 41. For eight- and twelve-cylinder engines, the V-construction 
is often used as illustrated by Fig. 42, although the eight-in-line type is 
now quite commonly found in automobiles. Figure 4.3 illustrates the 


FARM GAS ENGINES AND TRACTORS 


lial type of engine, now used extensively in airplanes. AnatlKs- 
thod of iirrangiug the cylinders, now scddom ns(‘d, is illustrated in 
44. This is known as tin; singles- or double-opposed arrangc'mc'nt. 
44. Four-stroke-cycle Types and Uses.-- I'lngiiu's of the four-stroke- 
*le type have a wid(' rang(> of ut ility. Home of the; niori' or hw dis- 
ct tyjies are, as follows: 



4'i. A V-typt< inght-tiyHiubr 


Htatimmry En^itm: 

A, Farm Typ«: 

L Light-wenght, HinglcM^ylincliTi mwlitun-* 1o liigh-»|>r«nl 
2. MtHiiiim-w<ng!it» Hinglf-ryUmicr, low-nprini (nigimm (Fig. 12). 

S. MuliiphM’yliridftr, nuidimn- to liigh-wpood ongiiu*» (Fig. 41), iwod for hoav- 
lor work alanti tl»t farm Hwrh an wood j4ftwh}g, Imnl grinding, and on. 

ti. Ifravy-duty, low-Hjpood oil nnginoa for <jporating olootric pow<‘r pliint«, pninp* 
ing plmda, rot ttm giim, and tho Uka. 

L Hinglo oylindi*r (Fig. 45). 

2. Mnltipk’* rylindor (Fig. 45), 

L Aidunwim! Efiglm'n: 

MultlpliM^ylimlrr, modium- and high-apaod, lighi-waiglit angirifu horning giiwdino 
ami koroHoiio ami naod in antomoldloa, tnmkH, Irartom, motor(fyolo«, airplanoa, 
molfirhoatM, and Iho liko (mm Fig«. 41, 42, and 43). 
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46 . Two-stroke-cycle Types and Uses. — The utility of the two- 
stroke-cyele engine is limited as compared to the four-stroke. Many of 
the small, light-weight, high-speed engines built for the propulsion of 
motorboats and launches are of this type. Two-stroke-cycle engines 
are especially adapted to marine pur- 
poses for the reason that the load is 
uniform and cooling is not a diflGlcult 
problem. 

Heavy-duty, two-stroke-cycle, 
single- and multiple-cylinder oil-burn- 
ing engines, as illustrated by Figs. 47 
and 48, are used extensively to supply 
power for operating electric generators, 
large pumping units, cotton gins, and 
the like. These engines, however, 
differ considerably in construction from 
the lighter types, burn heavier fuel, 
and give more efficient results. Owing 
to the limited use of the two-stroke- 
cycle engine, no further reference of any 
consequence will be made to it, and the 
balance of this text will be devoted largely to the construction and 
operation of the four-stroke-cycle type of engine. 

46 . Engine Speeds. — Ordinarily, the fewer the number of cylinders 
and the heavier the engine, the slower its crankshaft speed, and such 
engines are therefore known as low-speed engines. Examples arc the 
common farm-type, stationary, single-cylinder engines, which have a 
speed varying from 300 to 600 r.p.m., and the large, heavy-duty, station- 
ary oil engines made in both single- and multiple-cylinder types that 
operate at from 200 to 400 r.p.m. Some small, light-weight, single- 
cylinder engines have speeds running as high as 1,000 to 2,000 r.p.m. 
Four-stroke-cyclc engines, operating at so-called higli speeds, are usually 
multiple-cylinder engines, such as those used in axitomohiles, tractors, 
true.ks, and airplanes. These engines may operate at a very low spee(l 
when idling but when under load usually attain speeds varying from 
750 to 4,000 r.p.m. or more. 

47 . Compression. — Some time before the internal-combustion (mgine 
was invented, and before its possibilities were given even serious con- 
sideration, th(i discovery was made that if the find mixture voiv. placaal 
under pressure in the cylinder it would generate! more power and exert 
a greater force when burned; that is, a combustible mixture of vai)ori5{(!(l 
fuel and air, when placed under pressure, l)\irns more rapidly and g(!i»er- 
ates more power than when ignited at atmospheric or very low pre^ssunn 



Fig. 43. — A radial-typo, air-cooled, four- 
stroke-cyclo, airplane engine. 
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r thiH roanon t.he fuol charge in all typcvs of inti'rnal-combtistion cngincH 
■omprcased to a of'rtain (lt^gr(^o Ix^fon^ Ix'ing ignit(‘<l. 


R r vi 


Vui, 44, 4* H. I)oul>l<M»|>poHwL 





’ v.- I 

Kill, A ninglcs-c^ylind^r oil ©ngioti. 

When the fuel mixture enters the (iylinclcr, the piston travels toward 
he open end, and tlu^ charge coinph'tfily fills the space between the piston 
tnd the cylinder head as shown itj Fig. 33. The existing pressure is now 
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about the same as that of the outside atmosphere. Before the mixture is 
fired, the valves or ports are closed and the piston moves toward the 



Fig. 46. — A multiple-cylinder four-stroke-cycle oil engine. 


cylinder head pushing the charge into what is known as the combustion 
space or clearance space (Fig. 34) and placing it under considerable 
pressure. This combustion or clearance space is that space remaining 





Fig. 47. — A single-cylinder two-stroko-cycle oil engine. 

behind the piston when it has reached the end of the compression" strok(\ 
The total cylinder volume is the total space existing between the piston 
and cylinder head when the piston is on crank dead center. 
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i8. Kston Displacement. — Piston (Usijlacc'iucnt is the space swept 
jugh by tiio piston in moving from oim end of its stroke to the other 
is exi)res,s('<l in eubic. inches, h'or a single-eylinder ('iigine, it is tlie. 
<s-see}ional ar<;a of th<! piston or eylimh'r mulfipli(nl by tlio length »of 
)k<‘ of the piston. For a multiple-eylind(>r (‘tigim^, tly; total piston 
daeement is e(iual to th(‘ piston displaeeiiH'nt of one cylinder, mnlti- 
*d by the number of eylind(>r.s. For ('.Kami>le, the size or dimensions of 
(•tigine arc usually (‘xpre.sHed in tcuans of f hc' bon; of the cylinder and 
.stroke of the pistoti. A 4} jj- i>y 0-in. cylinder is one having a 4.' ^-in. 



VtiL 4H. A oil tniucini*. 


aw ar (ImnHar nnd a 0«iih stroke*. If it IukI but ana fyliadc*r, 

iu* pintoti <ti;>plnt’cuicnt wottld be c*ul<nilab*d hh follown; 

Ar«*ii ijf turnip X # 

« (2.2A)* X a, 14 HI 
15.9 mp in. 

Pintoii ** ttr«*a of oylindor X Mirok«» 

^ 15.9 X fl 
95.4 (Hi. ifi. 

\ f{)ur-'rylind(a‘ would have 4 X 95.6 <?ti. iu. or 382.4 ru. in. 

liHplH(’onu*nl. 

' The roiiipnwit>a pn^Msun* inoaHurod in poundH par mpiara iaah tlapaadH 
iipcHi iha ratio cd fho piaicai displaociiuad iy oubia iacda*H ta tlio totfd 
ryliadt^r voluiiir in rubir inolioH; that ttja aoari^r tho pktoa dinplaro- 
meat of a rylinder approafdio: the total eyliader voIiiiiki of that eyliader, 
the Hiaaller the elearaaee, or eomhuHtioa Hj)aee and the greatest the 
^Huapnwioa. ()r^ expritHHed in another way, the* elearanee or eombuBtion 
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space is equal to the difference between the total cylinder volume and 
the piston displacement. Therefore, the smaller the difference becomes, 
the greater the compression pressure. 

49. Compression Ratio. — The compression ratio of an engine is the 
total cylinder volume divided by the clearance volmne. The greater 
this ratio, the higher the compression pressure in the cylinder. Also the 
clearance space may be expressed as a certain percentage of the piston 
displacement, and, the greater this percentage, the lower the compression 
pressure. Table VI gives the compression pressures in pounds per square 
inch for different compression ratios and percentages of clearance space. 


Table VI. — Compression Ratios and Pressures 


Compression 

ratio 

Cylinder 
clearance of 
piston dis- 
placement, 

% 

Compression 
pressure 
(gage 
pressure), 
lb. per 
square inch 

Compression 

ratio 

Cylinder 
clearance of 
piston dis- 
placement, 

% 

Compression 
pressure 
(gage 
pressure), 
lb. per 
square inch 

3.6 

38.5 

57.9 

6.4 

18.5 

137.3 

3.8 

35.7 

63.1 

6.6 

17.9 

143.4 

4.0 

33.3 

68.4 

6.8 

17.2 “ 

149.7 

4.2 

31.2 

73.7 

7.0 

16.6 

155.9 

4.4 

29.4 

79.1 

8.0 

14.3 

188.0 

4.6 

27.8 

84.7 

9.0 

12.5 

221.4 

4.8 

26.3 

90.2 

10.0 

11.1 

255.8 

5.0 

25.0 

95.9 

11.0 { 

10.0 

291 .2 

5.2 

23.8 

101.6 

12.0 

9.1 

328.0 

5.4 

22.7 

107.4 . 

13.0 

8.3 

365.2 

5.6 

21.7 

113.3 

14.0 

7.7 

406.5 

5.8 

20.8 

119.2 

15.0 

7.1 

441.8 

6.0 

20.0 

125.2 

16.0 

6.7 

482.6 

6.2 

19.3 

131.2 

17.0 

6.3 

523.3 


60. Compression Pressure. — ^T'he compression pressure used in 
different engines de.pends largely upon the fuel that the engine burns. 
For engines using gasoline, kerosene, distillate, or similar heavy fuels, 
it usually varies from 60 to 120 lb. per square inch. For certain types of 
engines, much higher pressures are required, as will be described under 
the subject of ignition. Theoreticiblly, considerably higher pressures 
than those mentioned will givQ more efficient results with gasoline or 
kerosene, but if these particular fuel mixtures are subjected to excessively 
high pressures a detonation or knocking results, and its control is diflGicult. 
Water is frequently used with kerosene fuel mixtures to overcome this 
trouble. The use of water with kerosene is explained later. 
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CHAPTER VI 


TRACTOR-ENGINE TYPES AND CONSTRUCTION 

The first gas tractors built were equipped with large slow-speed 
horizontal engines having only one or two cylinders. Obviously, these 
engines required a strong frame, large wheels, and other supporting parts. 
Consequently the tractors themselves were very heavy, difficult to start 
and handle, and had considerable vibration. Later on, when the possi- 
bilities of lighter weight tractors were observed, designers turned their 
attention toward the use of a higher speed, lighter weight power plant, 
having at least two and, possibly, four cylinders, such as those used in 
trucks and automobiles. The result is that the trend in the tractor 



Fig. ■^9. — A two-cylindor horizontal eugiuo. 


industry, as in automotive design, has been toward engines having two, 
four, and even six cylinders, with lighter weight and higher operating 
speeds. At the present time, of the ten principal tractor manufac- 
turers, nine use four- and six-cylinder engines, and one uses a two- 
cylinder engine. 

60a. Tractor-engine Characteristics. — Tractor power plants may be 
classified as two-cylinder twin horizontal engines and as four- and six- 
cylinder vertical engines. All tractor engines are either of the four- 
stroke-cycle heavy-duty carbureting type or of the Diesel type. 
Gasoline, kerosene, distillate, and certain so-called tractor fuels are 
the predominating fuels. 
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61. Horizontal Two-cylinder Engines. Tlu' horizontal, two-cylin- 

r-type engine (Fig. 49) hn.'< hiaai used by a iminber of leading inanu- 



Kru. r>0, o|i{k»«chI 

rtwn*rH in thn past and is still found in houw nuiki^s. Th<^ advantages 
siiined for it are 11) f<*wer and heavier ]airts with slowiu* specsl aiid, 


hH5 

Turncol(D«0re«;<!i) 

Cylind^? r 

No } 

CyH rider 

isio. i 
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//fkaZr^' 


Ki- <*hi*rt nhawinig iH+tnjrrtnti’i* of in n t wi»«i’ylael«'r 

with 

hen^ore, I(*mh wear and longer life, (2) greater neeeHHibility, and (3) belt 
rtiltey ia driven direet anil not tlirongli gears, ln'eause crankshaft is 
ihea’d crosswise on the frame. 



Vtih 52, Two-f'yliTHbr twin rniiiknhufo 

Figure 50 shows tin* nsnal two-cylimier crankshaft with opposinl 
■ranks, Referring to Fig. 51, such an arrangement produces an uneipial 
.“iring interval, namely, IHO and 540 deg. It would appear that this 
uneven firing would he luidiwirahle and proUuee an uneviui power flow. 
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However, with such an engine running at 600 to 900 r.p.m., there would 
not be any noticeable effect. 

The crank arrangement shown in Fig. 52 gives an equal firing interval 
— 360 deg. according to the diagram (Fig. 53) — but is less preferable 
because of difficulty in securing mechanical balance and, therefore, the 
least possible vibration. 

Vibration in any engine is caused largely by the reciprocating move- 
ment of certain parts such as the pistons. The sudden stopping and 
reversing of the direction of travel of a piston when it reaches dead 
center cause a jerk, especially if it is very large and heavy. However, if 
two pistons attached to the same crankshaft are moving in opposite direc- 
tions and reach opposite dead centers at exactly the same instant, then 


Crankshaft has 
Turned 
(Degrees) 

Cylindc-r 

No.l 

Cy 1 inder 

No. 7. 

— 1 — ] 1 p- 

/SO 1 1 1 

II 

- i \ I - 

Pov^eT 

Inicfke 

!• ' i 

S40 1 

T ! 7?n 

\ jExhausf 

Compression 

■ ii 

Intake 

Power 

1 

1 

Compression 

' Exhaust 


58.- "OccnirrencG of events in a two-cylinder twin engine with twin crankshaft. 

the action of one opposes the action of the other and vibration is almost 
entirely eliminated. The crankshaft is likewise practically balanced 
without the need of counterweights required for the twin crankshaft 
(Fig. 52). It may be said, therefore, that the uneven firing produced 
by the opposed crank arrangement in a two-cylinder engine is more than 
offset by the almost complete elimination of vibration. 

The two-cylinder opposed type of engine with opposed cranks (Fig. 
44) was used in some early tractors. This construction permits an cq\uU 
firing interval and provides good mechanical balance but offers other 
serious objections such as (1) difficult manifolding and fuel-mixture 
distribution owing to the scattered arrangement of the cylinders; (2) 
inaccessibility of bearings and other working parts; and (3) lack of 
compactness of mechanism, which is desirable from the standpoint of 
lubrication and adjustment. The horizontal double-opposed engine 
(Figs. 44 and 54) has been used by only one tractor manufacturer. It 
provides a well-balanced mechanism with little vibration and likewise 
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(*s gootl weight diatributi«ii, whieh is very important in good tractor 
ign. However it Iuik the aamo undesirable characteristics as the 
►-cylindcir opposed engine. 
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cation is facilitated. (4) Vibratory effects caused either by moving 
parts or by the explosions act in a vertical plane and are thus less notice- 
able and nullified by the engine and tractor weight itself. (6) Valve 
mechanisms, ignition devices, and other parts are made more accessible. 
(6) The clutch and transmission parts can be assembled in such a way 
as to give the entire machine a better balanced construction and more 
symmetrical appearance. 

In view of the fact that the same crank arrangement is used in all four- 
cylinder engines, only two firing orders are possible: namely, 1-2-4-3 and 
1-3-4-2. Both are used and neither offers any advantage over the 
other. The firing order is determined primarily by the order in which the 



Fig. 66. — Crank arrangement for a six-cylinder engine. 


valves are operated. Consequently, the principal difference between 
two four-cylinder engines having different firing orders would be in the 
arrangement of the cams on the camshaft. 

64. Six-cylinder Engines. — ^The six-cylinder engine is being used 
in a few makes and models of tractors. Some manufacturers who make 
several sizes of tractors, for example, standardize on one size of cylinder 
(bore and stroke). Therefore, in their larger machines, the necessary 
additional power is obtained by using six cylinders instead of four but 
with the same bore and stroke per cylinder in each case. A six-cylinder 
engine is said to produce somewhat smoother power and less vibration 
than an engine with fewer cylinders. 

Six-cylinder crankshafts are constructed as shown in Fig. 56; that, is, 
crank 1 is paired with No. 6; No. 2 with No. 5; and No. 3 with No. 4. 
The three pairs are then arranged so as to make 120 deg. with each 
other, as shown by Fig. 57. If, when facing the front end, cranks 1 
and 6 are up and 3 and 4 extend to the right, it is said to be a right-hand, 
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■cylindiT cruakHhaft. Tho firing order UHcd in thia cuwe iw 1-5-3- 
J-4. If with cranks 1 and 6 up, Xoa. 3 and 4 extend to the left, it is 
led a left-han(i cranksliaft, and the firing order us(‘<i is 1 4 2 (5 3-5. 
66. Features of Tractor-engine Design. 'I'here is now a nmeh 
;ater siinilarity in tractor-enginti eonstruefion an<l design than in 


he 



Frtf. f#7.- hikI right -hmid mjc*rylin(h*r iTiiiikHhnft. 


nner yi'urs. Such haitiin’s as valve-in-hcad <'onstru<'tion, nnnovable 
lituler sleevt’H, ami cylimiers ca.st en hloe are used in a majority of eases, 
•actor <‘iigines are elassisi its heavy-duty engiiu's; that is, castings, 
stons, crankshafts, hearings, valves, and jmuUically all iinportiUit parts 
e nuwie heavier amt larger tlian would he necessary in an autoinohilo 



its.- <*.vli«tU,r liltn'k fur f«tir*ryli»nli*r ontciiK* dlmwiriK rMiii>vHl>l«' slw'vn. 

ngiiie, in order to withstand the nnusiially lieavy strains and continuous 
eavy loatls to which (iicy are suhjected. 

Cylinders are east en hloc, that is, all in om^ casting (Fig. 58), for the 
mall and medium sisses of tractors. Larger engines usually Iiave the 
ylinders cast in pairs. 

'rractor-engine cylimiers an* subjected to rather rapid wear, which 
vcntually causi^H excessive power lossi's and oil pumping, 'rhis trouhl<% 
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can be overcome in one or the other of two ways, namely, (1) by replace- 
ment of the cylinders, or (2) by reboring of the old cylinders together 
with the use of oversize pistons. Either procedure is more or less 



PULLER SHOWN 
INSERTING SLEEVE 



SO THAT PACKING WILL 
NOT BE DAMAGED 


Pig. 59. — Method of removing and replacing cylinder sleeve. 


(^pensive and time consuming. Therefore, a number of tractor engines 
are now equipped with removable cylinder walls or sleeves (Fig. 58). 
These can be readily removed as shown in Fig. 59, without removing 
the engine from^' the tractor or dis- 
assembling it to any extent. Further- 
more, the complete set of sleeves will 
cost considerably less than a new block 
or a good reboring job. It is always 
advisable to install a new set of pistons 
along with the sleeves. 

Cylinder heads for tractor engines 
are cast separately from the block. 

This permits ready access to the com- 
bustion chamber for cleaning out the 
carbon deposits. With the valves 
located the cylinder head, valve 
adjustment and grinding are easier to 
handle. Figure 60 shows one type of 
cylinder head with a specially shaped 
combustion (chamber. This is known 
as the Ricardo head. It is claimed 
that this parti(jular construction produces a better turbulence of the 
fuel mixture and, therefore, causes it to ignite and explode in such a 
manner as to generate the greatest possible power. 

Tractor pistons are in most cases made of cast iron with thn^e to 
seven rings. 



Fia 60.— lli(!ardO"typc (lombnstioii 
chamber. 


4 
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Piston pins are made hollow with the bearing either in the piston 
bosses (Fig. 23A), or in the connecting rod (Fig. 23B). Figure 24 shows 
the floating piston pin used in some tractors. Side movement is pre- 
vented by the two retainer springs, which fit in small grooves in the 
piston. Piston-pin wear is usually overcome in tractors by replacement 
of the bronze bushings. 



Fig. 65. — Two-bearing, four-cylinder crankshaft equipped with ball bearings. 


66. Crankshafts. — ^All tractor crankshafts are one-piece drop forgings, 
which have been carefully machined and heat treated. Two-cylinder 
crankshafts may have two main bearings (Fig. 50), or three main bearings 
(Fig. 61). 

Four-cylinder crankshafts may have two, three, or five main bearings 
as shown by Figs. 62, 63, and 64. The fewer the bearings, the larger 
the shaft diameter. The three-bearing 
crankshaft is most common. Both the 
main and the crank journals are very 
accurately machined and ground to 
within 0.001 or 0.002 in. of the specified 
dimension. 3 

67. Bearings. — All crankshaft bear- 
ings — both main and crank — on most 
tractor engines consist of a pair of 
removable babbitt-lined shells having 
either a bronze or a steel backing. A 
high-grade babbitt is used and is poured 
and finished in such a manner that the 
bearing surface has a mirrorlike finish, 

Fig. 66. These are sometimes known 
as precision-type bearings for the reason that they wear very slowly and 
require no scraping or special fitting procedure when replaced. Thin 
shims may or may not be used to obtain the correct bearing fit. 

Figure 65 shows a two-bearing tractor crankshaft with ball bearings 
as used with success by one manufacturer who guarantees both the 
crankshaft and the bearings against breakage and defect during the life, 
of the machine. This bearing possesses certain advantages such as 





Fig. 66. — Prooision-typo bearing shell. 
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very fric*tk>n 1 oh 8, (2) adjuHtmeut in ufin(H‘(Hsary and (3) Ixiarin^i; 
anily luhrii%ntn<i, 

58. Accessory Shaft T\w inngnafo, wnlniM*in*ulating pump, and 
XTUur ara plaaad alongsid(‘ t ha angina hl<H*k and an^ drivan hy a vspaaial 
r and Hiinft. In snma aaH<‘s thiw g<*ar and slnifi an^ on tlx* (aimsluift 
\ Ilia gt*ar than mashas willi tlx^ cam gtaii* hut liaa only ona-lialf 
many laatli nnd^ ihan^fora^ runs at. arankshafi spiMah In other 
anas, fiu‘ narassory shaft is phuaal opposifa the (aunshaft and drivan 
aatly <dT the <*riinkshaff. 

60. Tractor-engine Speeds. -'Fhe* oparating spissi of a tractor 
pna di*pands primarily upon Ilia hv/a^ of the angiiit^ ami tin* mimbcT of 
indars. l\vn-«-ylind«’r anginas hnv«^ a Inrgar Ixm* ami a longeu* stroke 
! oparata at speeds varying from 450 !H)0 r.p.nu Tln^ sp<‘(‘d of 

ir» and six-ay!indar anginas vurit's from (150 r.p.m. in tla^ largest si/.(*s, 
1,500 r.pum in the light weight maeliines. All InadtU's an» ecjuipptsl 
[h gevenmrv: therefore, tht‘ oparating speeds an* some^wlnit lower than 
ftua<jhil(*‘ engine H|a*ads, and the ran^^c* (jf spee<i vnriati<in is c*oiiHi<larahly 

H. 

'60. Garden-tractor Engines.- 'Gardan IraaUu's usi* two gt*m*ral types 
anginas, dapamling on whether the traetor is of f ha sinuli or light-W(4ght 
pa (Fig, 430), or <4* Ilia haaviar typo (Figs. 431 and 432). 13 h» fcmner 

as a Vi*rtiaal siiigla-eylindar air-a<»ilad high .pec*?! cmgiija. It may he 
two-siroka-eyala or a four«stroka-eyaIa angina. The heavier type 
rdan Iriiafiir is acpiippetl usually with a vaiiianl t wo»eyliiidar watar- 
‘Ola<t angina. 


VALVES AHD VALVE OPERATION 

Tin* ima-piaaa maduiiinanrhon or niekahsfaal ptippai valve is usisi in 
I traetor anginas, Hinea ihas(» valves must operate under rather 
mcirmiil eondtfioiis, smdi as higti fmnperattin-N and eontimmUH heavy 
they must ha rtureetly de, igmsl aiid well madiHif the hast mal<*rialM. 
triiator tmgina should ha tasted fra<|iiant!y for fs>nipn*ssi(>n iaakiige 
round Ilia vidves, The latter should fa* earafully ground if m*aassary, 
•61. Ctmshttfti and Camshaft Drives.' Fnginas id ftn* usual 4yp<* 
(fiiippisl with two valvi*s pf»r aylimltw raipura a single ixunshafi with 
wo i*iims par f*ylimh'r iFig. 73). Hiiiaa tto'se irngiiias oparata im the 
'iiir-stroka«eyi4a prim’lph’, ii!l eyliinliTs aiimphUu* a ayt^lit in two erank» 
haft nnaihttioiis, lliarcdiira, tfia eainshaft must make <aie <’ompleP* 
evoliiticai jwT t^y-efa travel at ona«hnIf arankshafi spaed. 

Gfimsliiifts, in im>st eases, are driven by plain or spiriil spur gears 
Fig. 291). 'fo instira tlm valves being pniparly timed, eartidn tei!th 
Te fiiarkfxl. Figure 471 sliows a silent ehidn eaiiislifift drive that is 
isetl extensively in iiutouiohile anginas. 



TRACTOR-ENGINE’ TYPES AND CONSTRUCTION 


63 


62. Valve Location. — Both the valve-in-head arrangement (Fig. 74) 
and the L-head arrangement (Fig. 73) are found in tractor engines. The 
former is used in all the horizontal-type engines and in a majority of 
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Fig. 67.' — Valve arrangement and manifold openings for a four-cylinder engine 


the vertical engihes. With the valves located ia the cylinder head, the 
mechanism is more accessible both from the standpoint of valve removal 
for grinding and in , adjusting for wear. Another advantage, especially 
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Fig. 68. — Valve arrangement and manifold openings for a six-cylinder engine. 


important in tractors, is that uniform and satisfactory cooling of the 
valves is greatly facilitated. 

The L~head arrangement requires less operating mechanism; but, with 
the valves and valve openings in the 
cylinder block, should a valve seat become f 
chipped or damaged, an entirely new block i 
might be necessary. . ^ 

Figure 67 shows the arrangement of 
the intake and exhaust valves with respect 
to each other and to the different cylinders ' 
for a four-cylinder engine. Figure 68 is 
for a six-cylinder engine. It will be 
noted that the end valves in each case are 
exhausts. It is desirable to keep the 
intake valves as near to the center of the , 
block as possible in order to permit the ‘ 
use of shorter intake manifolds. 

63* Valve-seat Inserts. — The exhaust valve openings of some tractor 
engines arc equipped with seat inserts (Fig. 69). TIic inserts arc made 
of a steel alloy that is harder than the cylinder block or head material. 
Therefore, there is less danger of damage or excessive and rapid valve-seat 
wear owing to the high temperatures to which the exhaust valve and its 



Fig. 69.“~ Valvo-scat iuHcrt. 
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.i are ordinarily suhjecte<l. Furtharmore, in cane of Bueh wear and 
;nagi% the renewal of th(^ nmi m Bimple and inexpannive. The inaertB 
' preh's<*d in phnat but are easily reinoved Biiuh'. th(*y are made of 
r<len(‘d steel, a spcnaul grinding tool is UHually ntanled to properly fit 
d seat tlie valve. 

64. Valve Operation and Adjustment— For (hdailed information rela- 
e to traet(jr-valve operation, timing, and adjiistment, the reader is 
erred to Cliap. VII. 
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CHAPTER VII 


VALVES AND VALVE OPERATION 

As stated in the preceding discussion, a single-cylinder engine has at 
least two ports or two valves, depending upon whether it is of the two- 
or the four-stroke-cycle type, respectively. The intake port or valve 
allows the fuel mixture to enter the combustion chamber on the intake 
stroke. The exhaust port or valve allows the products of combustion to 
escape following the explosion and expansion. As previously mentioned, 
some two-stroke-cycle engines have three ports, the extra port serving as a 
passage for the fuel from the fuel tank and carburetor to the crankcase. 

Since the ports in a two-stroke-cycle engine are nothing more than 
openings in the cylinder wall that are opened and closed by the piston 
in its movement, no special valve-operating mechanism is required, and 
the problem of valve timing is not present. The following information, 
therefore, applies to the four-stroke type of engine entirely. 

66. Types of Valves. — Most valves are of the poppet or mushroom 
type (Fig. 71) ; that is, the valve itself consists of a flat head or disk with 
a beveled edge, called the face, and the stem. The cheaper types of 
valves are made in two pieces, whereas the better grades are made in one 
piece. In the two-piece valve, the head or disk is made of cast iron and 
has a steel stem welded to it. The one-piece type usually has a head of 
nickel steel, tungsten steel, or other steel alloy, is lighter and rnore heat 
resistant, and less brittle. The exhaust and intake valves are usually 
ahke in size and are interchangeable. A spring serves to hold the valve 
firmly to its seat during the compression and expansion strokes of the 
piston so that there will be no possible loss of compression around the 
valve. Continued use causes the valve to wear, however, and grinding 
is necessary to restore this leakproof condition between the valve face 
and its seat. 

Another type of valve used on some engines is known as the sleeve 
valve. This type offers two advantages over the poppet valve. First, 
very little leakage develops so that grinding or replacement is unneces- 
sary; second, it is practically noiseless. The mechanism, however, is 
somewhat more complicated and the cost of manufacture is greater. 
Figure 70 illustrates the usual sleeve-valve construction and operation. 
As noted, the mechanism consists of two sleeves placed between the 
piston and the cylinder wall. The sleeves have an up-and-down move- 

66 
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86. Vtlvft Opemtlon Automatic Intake Valves. lioUi the iiitaku 
«(1 (‘xiiauHt Vttlvtfs «ii uHwt lypt'M t>f cnniiii'H nn* opcmfi'il iuf'<*lmninUly, 
it on many niiigli'-fyliiulcr farm anginas tiia intaka vatva is sai<l to 
sTuta antijinalianlly. Whan thus oj»arafa(|, it is aijuippad with a v(*ry 
iht spring. On tha suatinn stroka of tha pisftni, tJia valvi* is drawn 
am f>y tha suction nr daaraasaii prosun- in tha cylinder, anil tin* fuel 
large is drawn in through the <ipan vulva. Near tha and of tha stroke, 
* the snetion daerauses, tha light spring anu.sas tha valva to raturn to its 
•at. 'riiis luathod of inlaka-valva oparation is vary sinipla, hut imlasH 
la valva is in parfaet aoiidition it may not saat property, eraating loss of 
Mi(pva'.>ii)ti It is also noisy and not wall nilaptad to high-spead anginas, 
ir ilia raiison that tliara i.H no aontrol of tha tima of opaning and closing 
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of the valve. Therefore the engine may not receive a good, full charge 
of fuel mixture. 

67. Mechanically Operated Valves. — In many single-cylinder engines 
and in all multiple-cylinder types the intake as 'well as the exhaust valves 
are operated mechanically. The mechanism (Fig. 71) consists usually 



Fio. 71. — Valve-operating mechanism for a single-cylinder farm engine. 


of the following parts: (1) a small gear on the crankshaft, (2) a half-time 
or cam gear, (3) a cam, or a camshaft bearing a number of cams in the 
case of multiple-cylinder engines, (4) a push rod, and (5) a rocker arm. 
As the cam gear rotates the cam, the high point on the latter strikes the 
push rod, and it, in turn, operates the rocker arm that opens the valve. 
The usual shape of the cam is illus- 
trated in Fig. 72 A. On certain 
farm types of engines using what is 
known as the make-and-break sys- 
tem of ignition, the cam will have 
the shape as illustrated in Fig. 72B. 

The high point C moves the push rod 
enough to trip the sparking mecha- 72. — Vaivo cam shapes. A. Plain 

nism ; then the second high point D cam. B. Combined exhaust valve and 

moves the push rod still farther and 

opens the exhaust valve. Single-cylinder engines having an automatic- 
type intake valve require but one cam, which is usually cast with the cam 
gear so that a camshaft is unnecessary. Engines having two or more 
valves, all operated mechanically, have the cams placed on a camshaft 
(Fig. 73) and distributed about it in such a manner as to open the valves 
in the correct order. 

68. Location of Valves. — There are three types of valve arrangement ; 
(1) valve-in-head (Fig. 74), (2) L-head (Fig. 75), and (3) T-head (Fig. 76). 
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ralve-in-liead arrang(^mc;nt in found in many types of engines and 
d almost entirely in singl<v(‘ylinder, fann-typc^ as well as in heavy- 
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be necessary to replace the complete cylinder or cylinder bjock; and (3) 
the entire fuel charge is directly over the piston and the latter receives 
the direct effect of the explosion. 

The principal disadvantages of the valve-in-head arrangement are: 
(1) a more complicated valve-operating mechanism, (2) more places for 
wear, and (3) more frequent adjustment and more noise. 

The L-head arrangement is found in many multiple-cylinder engines, 
particularly in automobiles. The valve-operating mechanism is simple, 
as a rocker arm is unnecessary; that is, the cam and push rod act directly 
against the valve stem. ^ 

In the T-head arrangement, the intake valves are placed on one side 
of the cylinder block and the exhaust valves on the other, and two cam- 
shafts are necessary. This arrangement is practically out of use. 

69. Speed of Cam Gear and Camshaft. — It has already been stated 
that in any four-stroke-cycle engine, there are four .strokes of the piston 
per cycle, the first stroke being known as the intake stroke, and the last 
stroke of the cycle as the exhaust stroke. Therefore, the intake valve 
must open and close on the intake stroke, and the exhaust valve must 
open and close on the exhaust stroke; that is, each valve must operate 
one time per cycle. Consequently, the cam gear and cams that open 
and close these valves must make one revolution per cycle. The cam 
gear, however, is driven by a gear on the crankshaft that makes two 
revolutions per cycle. Therefore, the speed of the cam gear will be one- 
half that of the crankshaft, and it will have twice the number of teeth 
found on the crankshaft gear. For this reason, the cam gear is often 
referred to as a half-time gear. Likewise, in multiple-cylinder engines 
having more than two valves, the speed of the cam gear will be one-half 
the speed of the crankshaft, because, as previously explained, all cylinders 
complete a cycle during the saime two revolutions of the crankshaft. 
Therefore, all valves must open and close once during any two revolutions, 
and the camshaft, in order to open and close all these valves one time, 
must’ make one revolution to two of the crankshaft. 

70. Valve Timing. — It would be assumed, ordinarily, that a valve 
would start to open at the beginning of its stroke and be completely 
closed at the end. Such, however, is not necessarily true. It has been 
found that most engines operate efficiently only when the valves open 
and close at certain points in the cycle and remain open a certain length 
of time. Therefore, the timing of the valves in any engine is very 
important. 

Figure 77, commonly known as a valve-timing spiral or diagram, 
illustrates the timing of the average engine. The horizontal line might 
be called the dead-center line with crank dead center (C.D.C.) at the 
right and head dead center (H.D.C.) at the left. The crankshaft and 
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a may be said to be on dead center, wiien the ccnterK of tiio piston 
•rankshaft, and crankpin all fall in this line. The spiral represents 
•avel of the crankpin or connecting-rod joiirnal. Starting at H.D.Ck, 
rank rotates in th(^ direction of the arrow toward Cl.D.C. moving the 
a through tin; intake or suction stroke, followed l)y eompression from 
to H.D.Cl., expan.siotj from H.D.C. to C.D.C., and exhaust from 
to H.D.C., thus coiuplciing the cycle, 
eferring to the figur<‘, it is note<l that the intake valv<^ should begin 
(*n when the crankshaft luis rotatcnl about 10 deg. piist H.D.C., and 
it remains open throughout the .stroke and does not clos(t until the 

'Jnfar^ 



Fly, 77,"“’ I HtiiKmiH rthowitits timmi timiiig yf v<Uvi'i4. 


shaft has reachefl a jK>int about 30 d<^g. after C. D.C. The exhaust 
begins to open before the piston reaches the; end of the power stroke, 
is, when the crankshaft is making an anglt* of about 46 deg, befowi 
il with the piston on the power stroke. It remains oi)en through 
xhaust stroke and closes when the crankshaft has rotat.<Kl about 
after the piston luis reachttd H.D.C. Tin? figures givesn are not 
•t for all engines but are very near the average. 

.. Range of Operation. — The number of degrees through which tint 
, rotates from the point where the valve starts to open, to the; ixiint 
! it is just completely closed, Is known as the range of operation of 
/alve. I’he average range of operation for an intak<t valve, acconl- 
> the fsgurt!, is 200 <ieg. For the exhaust valve it is 230 deg. 
n adjusting screw, in one emi of the rocker arm (Fig. 71), permits 
ting the range of ojHration whenever neces-sary. This screw wlntn 
d toward tlie valve stem permits the rocker arm to strike it sootier 
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and therefore open the valve earlier. The valve also closes later. If 
this screw is turned away from the valve, the latter will open later and 
close sooner, thus decreasing the range of operation. 

Even though the range of operation, is correct, the valve may open 
too early, and therefore close too early by the same amount; or it may 
open too late, and therefore close too late by the same amount. This is 
due to the fact that the cam gear is out bf time; that is, the cam is not 
coming around at the correct time to open and close the valve at the 
proper time with respect to the travel of the piston. To time the valve, 
the cam gear must be removed and rotated the correct amount in the 
right direction and remeshed with the gear on the crankshaft. This 
shifting of the gear will not change the range of operation of the valve. 



Fig. 78. — Flywheel timing marks. 


The usual procedure, then, in Checking up the valve timing of thx^ 
ordinary, single-cylinder, farm gas engine is: First, check the range of 
operation and adjust it correctly by means of the screw on the rocker 
arm. Second, check the opening and closing of the valve and adjust 
this if necessary by shifting the cam gear and cam. 

As previously 'Stated, the intake valve on this type of engine is ordi- 
narily operated automatically, so that the problem of timing is confined 
to the exhaust valve only. 

Most manufacturers place marks on their engines (Pig. 78), by whi(^h 
the correct valve and ignition timing of the engine may be determined and 
checked. However, the system of marking used is not standard; that is, 
every manufacturer has a somewhat different system. Consequently, 
the instruction book supplied with an engine should be studied carefully 
so that the method used will be well understood. 

72. Effects of Incorrect Intake-valve Timing. — As previously dis- 
cussed, the intake valve opens at the beginning of the intake stroke, and 
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iiiH open until tlie crankshaft has rotated coiiHiderably past crank 
<-entor. At first thought, it would s<uhu niort* reasonable to close 
ntake valve at the end of the intake stroke, but expc'rieuce has 
ed that allowing this valve to r<nnain opcui, after the piston has 
ed back on the compression stroke, enables the engine to generate 
I power and operate more (‘fficiently. Tiu' expiairation is that the 
jre rushing into the cylimlhir has not eonii)I(“f cly filhHl tlu^ space when 
>iston reachets the (*nd of th<f intak<! stroke; but if the valve is allowed 
unain open somewhat longtir, th(^ find mixture, due to its imu'tia, 
continue to p<jur in, and thus a more compleb^ charge will (nter 
■ylimler ami great (^r power is gencrnt<'d. 'I'lien* is some variation in 
losing of this valve in ditT(>rent types of engimss, but, in general, the 
t is determined by tin* speed of tlu* engine; that is, a high-speed 
le would have tlu* intake closing possibly us much as 45 to 50 deg. 
(hi).(’. 

3. Effects of Incorrect Exhaust-valve Timing.- In practically all 
•t of engines, regardh'ss of size, numb(*r of cylinders, sp(‘<*d, or other 
TH, the exhaust valve optms before the •‘ml of the pow(T strok(^ of 
nston; that is, wiien the crankshaft lacks about 45 <lcg. of having 
rletcd the strokt'. Mxpcru'ncc has proved that this early o]>ening 
1 mott; satisfaetory resiilts in that t h<* engim‘ g('nera(es mort* power, 
cooler, and uses h*Hs fu(*! than wheji the valve is opened later, or at a 
t near the end of tlie stroke. It would seem that, in opf'tiing the 
ust valv<‘ bef(»re the eompletion of tin* expansion stroke, this pow(‘r 
d b<* lost or wasted. Bnt what actually happens is that this unspent 
Hire is utilized to better advantage to force tin* exhaust gases out, 
pnalueing ln*tfi*r •■li’atiiiig of the <'yliji<h‘r. 

Iverlu-ating of tlu* engine is one «<f the most jtronouneed etTeets of too 
exhaust-valve op(‘ning. 'I'his overheating ch’velojw owing to the fact 
the hot gases are allowed to remain in tlu* cylinder longer and to 
w the piston through the entire Htr(»ke, thus coming in cotitact with a 
ter cylinder area. The closing t>f the exhaust valve <»ceurs shortly 
■ the completion of the exhaust stroke. If the* valve wen* closed 
re or even at tlie end of the stroke, a small amount of burned rt'sidue 
it remain in the cylinder. 

4. Importance of Correct Valve Timing.— I'he (uirnu^t timing of the 
RK in any internal-combustion engine is v<‘ry important and essential 
he proiier operation of the engine, if efficient fuel eon.sumption, 
imum |K>wer, and smooth nmning are desired. In the design of an 
ae, the manufacturer determines aeeuratf'Iy the correct timing for 
ngine and wes that the valves open and close so m to give the best 
ibie results. In many engines, certain teeth on the cam gear and 
kshaft gear arc marked or center-punched so that, when nunoved 
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and replaced (if the marks are placed together), the valves will be in 
time. Marking of the timing gears in multiple-cylinder engines is 
important and almost universally practiced. However, they may not 
be marked in farm types of engines. Therefore, before dismantling such 
an engine, some marks should be. placed on these gears if they are not 
already there. 

76. Tram Method of Valve Timing. — ^The following method of check- 
ing and timing the exhaust valve of farm engines is often used: 

First, determine the two dead centers and mark the points on the flywheel using a 
tram (Fig. 79) of any convenient length, say 15 to 30 in., depending upon the size of 
the engine. To do this, turn the engine over until the edge of the piston is exactly 
flush with the edge of the cylinder wall (at open end), with the crank just above 
C.D.C. With center punch or chalk establish a base mark on some stationary part 
of the engine, such as top of water hopper or cylinder. Place one point of the tram 
on this mark and mark the point where the other end of tram touches the flywheel rim. 
Turn the engine over until the piston is again flush with the edge of the cylinder and 

f ) 

Fio. 79. — A tram for timing farm-engine valves. 

crank is just below C.D.C. Again place one point of the tram on base mark, and 
mark point where other end touches the rim of the flywheel. Measure distance 
between the two marks on the flywheel and then mark a point on the flywheel exactly 
halfway between them. With one tram point on the base mark, turn the engine until 
the other end of tram touches this halfway mark. The engine is now on C.D.C. To 
determine H.D.C. measure exactly halfway around the flywheel from the C.D.C. 
point, and mark on the flywheel. Then, with one end of the tram on the base mark, 
place the other end on this mark on the flywheel and the engine will be on H.D.C. 

Second, measure the.circumference of the flywheel in inches and divide 360 by this 
number of inches to obtain the number of degrees per inch of flywheel circumference. 

Third, determine the range of operation of valve as follows: Rotate engine in the 
correct direction until valve just starts to open; that is, when the rocker arm is just 
ready to push the valve open, place the tram on base mark and mark flywheel where 
the other point touches it. Rotate engine in direction of operation until valve just 
closes. Again place tram on base mark and mark point on flywheel. Measure the 
distance between these two points in inches and convert to degrees. Care should be 
taken in measuring between the two points to measure around the flywheel in the 
correct direction. If it is found that this range of operation is 225 to 230 deg., it is 
correct and no adjustment is necessary. On the other hand, if the range of operation 
is incorrect, it must be adjusted by means of the screw on the rocker arm, as previously 
described. In making this adjustment, care must be taken to turn the screw in the 
correct direction, depending upon whether it is desired to increase or to decrease the 
range of operation. Also after each adjustment of the screw, the exact opening and 
closing of the valve and, therefore, its range of operation must be remeasured as 
previously described until the correct range in degrees has been obtained. 

Fourth, if the range of operation is now correct, the valves may still be oxit of 
that is, they may not open and close at the proper time in the crankshaft rotation and 
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i>t i\w piston. OniiiiHrily, ii will be found thai if the valve opeiiB a certain 
cr of tIcgrecH too <‘ar!y or too late, it will lik<^wiK<* chwe too early or too lat.(» !>y 
nn^ nninber at dt'KrccH. Thcrefor(% to place ii in tinic, the cam gt^ar m rcmov(‘<l 
>tatcHi or HhiftiMl the cornel, amount , ami rcm<»Hhcd with tlie gear on ih<‘ (Tank- 
It may he ma'CHsary to r<*pcat thin Hcveral timcH htdon* 11 h» correct timing is 
iCii. 




K0. Vatw-ct#arftiiMf adjuwiment for Fnn HI. Valve-cleamare 

valve4ri«hwid iirrangenwnt. iidjuntinent for I, -head ar- 

raagerneiit. 

ifth, the igidtioii iimltig iiuiy now he ehecketl iiml the timing the apark properly 
lied if micdi is necessary. The siddeet of igidtion timing m dtamtSHiHl in detail in 
K XVIIL tn most cai«»» the apark timing cannot he (diecked ami inljiwle<I until 
alves iifi* pniperly timed, due to the fimt that tlie cam gear not only opc»rate« the 
hilt almi operates the apark-prcHiucing meehnntHim If the valves are flrat 
ctly tiimni ami ndjiiated, the spark will he found to he nearly In time. If not 
correct, and if any adjuatnient la nect'Hsary, it can he made liy some simple 
M on the sparking mechiinkm. 

% Trmetor-engiiie Valve Timing* — The exm*t time <if opening and 
ng of the intake and exhaunt valvea of moni trattior enginea, with 
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respect to the crankshaft rotation and piston travel, conforms very closely 
to the following figures : 

Intake opens 0 to 10 deg. after H.D.C. 

Intake closes 30 to 50 deg. after C.D.C. 

Exhaust opens 35 to 50 deg. before C.D.C. 

Exhaust closes 5 to 10 deg. after H.D.C. 

The size and type of engine, number of cylinders, speed, and other 
characteristics have no particular effect on this timing. 

77. Multiple-cylinder Valve Timing — Valve Clearance. — The timing 
of the valves in multiple-cylinder engines is a comparatively simple mat- 
ter, consisting first, of the meshing of the timing or cam gears so that the 
marked teeth are together, and, second, providing the correct valve 
clearance. Valve clearance is defined as the space allowed between the 
end of the valve stem and the rocker arm (Fig. 80), or in the case of the 
L-head type, between the valve stem and the push rod (Fig. 81). This 
clearance varies from 0.005 to 0.025 in., depending upon the size and type 
of engine. The valve-in-head construction requires more mechanism 
than the L-head. Therefore, slightly more wear is possible, and more 
frequent adjustment is usually necessary. Figure 80 shows the usual 
mechanism involved and the method ai adjustment. Figure 81 shows 
the L-head arrangement and the usual provisions for adjusting valve 
clearance. 

A certain amount of valve clearance is nec^cssary to allow for tlu' 
expansion of the valve stem and engine 
parts when they get hot, and thus per- 
mit the valves to seat properly. At the 
same time, too much clearance affects 
the timing of the valves and the smooth 
operation of the engine and also pro- 
duces noise. In some cases the adjust- 
ment is made when the engine is cold 
while in others the engine should be 
warmed up or at its normal running 
temperature. 

The importance of correct valve-clearance adjustment cannot U) 
overstressed because, if neglected, more or less faulty opc'.ration may 
result. The following rules for adjusting valve clearan(*,e apply to (nther 
the L-head or to the valve-in-head type and should bcj observ(Kl (‘ar(€ully : 

1. Read the instruction book supplied with the tractor and see whetluir the manu- 
facturer advises making the adj\istrnent when the engine is hot or when cold. 

2. When making the adjustment always be sure tliat the push rod and <‘am fol- 
lower are resting on the low part of the cam (see Fig. 80). 
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Boiiie i!.wiri«factiirer8 mark the flywhoel m Hhown by Fig. 78. If this is done, 
th(‘ valve a<lj\mtiu(‘rit and timing by referring to these fly wheel marks. The 
‘tion boek will explain jn.st how to do this. 

The forre<^t ekairama^ d(‘p(‘udH largely upon the sixe of the engine. Bmall 
(*dimn"Hiz<‘ <‘ngineH require about 0.010 to 0.015 in., which is about J 44 in. 
engines may rectuin* as muc‘h as 0.020 to 0.030 in. In Home eiiBes, it is recom- 
d that thi^ (‘xhaust vaivt‘H be givcm slightly more eiearanoe tlian the intakes 
e they get led ter. 

Valve elearatiec’ Hlemld always ht* afljusted whenever th<i valv(*K are ground. 
ve-in-Iieatl engiium always r(‘adjuHt the elearance whenc»vtu th(* (cylinder luaid 
,n‘ t igiit <‘ned. 

For aeeurate adjust mtmt use a stamlard thiekneHS gage (Fig. 82). 

Always h(H‘ that lo<*k nuts are tightened well 

Eaferences 

f I mv„ A. F. Sink (ML Agr., EjA. BuU. 85. 

' t'nitK, A. F. Stnk Call. Agr.^ Junior Ext. Bull. 40. 

**'rhe Mtdor Vehiele Marnial^* 

*’s Autoiiiiiblh* ami Ciasoline Kngine Fneyelopedia.^^ 
rr and ChjNsoiuvKit: **Tlie Ciasoline Atiioinobile.*^ 
v: **M<jtor Vi4del<» Fngim»eriiig Engines.*' 

': ** Autcumdive Engines.** 

u **Thi* CiHHoUne Auloimdnle," VoL L 

r^KitiKl Licuity; “Internal Ckuiilnistion Engines/* 



CHAPTER VIII 
FUELS AND COMBUSTION 


One disadvantage of the internal-combustion engine is that the fuels 
required for its successful operation must be of a specific nature and, 
therefore, are somewhat limited with respect to source and supply. 
Under certain conditions these fuels may be difficult to secure, and their 
use becomes economically prohibitive. Some of the essential character- 
istics of such fuels are: • 

1. They must have a reasonably high energy value. 

2. They must vaporize at least partially at comparatively low temperatures. 

3. The fuel vapors must ignite and bum readily when mixed in the proper propor- 
tions with oxygen. 

4. Such fuels and their combustion products should not be unduly harmful or 
dangerous to human health or life. 

6. They must be of such a nature that they can be handled and transported with 
comparative ease and safety. 

78. Classification of Fuels — Gaseous Fuels. — Fuels for internal- 
combustion engines may be classified, first, as either gaseous or liquid 
according to the physical state before going into the engine cylinder; and, 
second, as artificial or natural, according to whether the fuel is obtained 
from natural sources or is a manufactured product. 

The only gaseous fuel that is obtained from nature is natural gas, 
obtained from the earth ^either directly from so-called gas wells, or 
indirectly as the result of the distillation of petroleurn. Natural gas is a 
product having the same general chemical composition as petroleum 
and its many other products. Its use as an engine fuel is confined largely 
to those sections of the country in which natural gas is produced. 

In certain industries, particularly in the manufacture of iron and 
steel, certain so-called by-product gases are produced. The most com- 
mon of these are blast-furnace gas, coke-oven gas, and producer gas. 
These artificial fuels are likewise limited in use to the production of power 
in or near these plants and are not available for general use. Illuminating 
gas, manufactured by the destructive distillation of coal and sometimes 
called coal gas, may also be used as a fuel in internal-combustion engines 
but is considered expensive and impractical if other more common fuels 
are available. 

79. Liquid Fuels. — ^Liquid fuels have the advantage over gaseous 
materials, of being more concentrated and readily portable. That is, 

77 
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urnl giis, for exanii^<% \v<*ro lined an a fu(»l iti an autoinohih', it. wotild 
<*co88ary to place it under hiKh pressure in a strouK airta^ht 

i(iuid fuels are ohtaine<l almost, entirely from petroleum, a imoduet of 
■e. I'he only artiticial lujui*! fuel of aJiy (■onse(jueufe for internal- 
.ustion engiiH'K is alcohol. It luis never been used (‘xtcmsively, 
v<’r, and will be tliscuss<‘d later. 'I’lie mort^ common licpnd fuels are 
iiie, keros(>ne, fuel oil, and crude oil. Gasoline and bsrostme are 
T fuels obtaiiu'd from iii'trolcmm. largedy by distillation. DLstillates 
eavier products resultinj! from the distillation and refining of crude 
Some ermle <iils may likewise be used without- being Kubj<*ct(*d to 
<|iecinl treatment, and engiiu's burning distillates or crude oil are 
n as oil engines, ^ 

rude oil and the products obtaiiu'd from it are known as hydro- 
ms, that is, they ari> products made up almost entirely of carbon 
hydrogen, having smdi general chemical formuhis as 
„,s, etc. .\ .simple liy<lrocarb<m, therefore, would be CHs; another, 
a t!ur<i, ('all#, and so on. A careful analysis of erinh^ oils and the 
non finds oldained from them itulieates that they contain about 
■reent lairiion and l/i per cent hydrogen by weight, with the remain- 
]M*r cent made up of nitrogim, oxygen, and sulphur, 
abh' Vn give.s .some of the cliaraeteristies of the common liipnd fuels, 
tmld be noted that there is very little difference in the healing value 
inie oil and its products, <*ven though there is a marked variation in 
reighi of a given volume of each. As shown, alcohol has about the 
gravity us kero.s»m<' Imt a much lower heating value. 
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80. Crude Oil. — Crude oil is known as a mineral product and is 
obtained from natural deposits existing usually at depths varying from 
several hundred to thousands of feet below the surface of the earth. 
These oil deposits are found in certain sections of the United States and 
in other parts of the world. There is considerable variation in the char- 
acter of crude oil obtained in these different sections of the country, but 
they are generally placed in one or the other of three classes, namely: 
asphalt-base crudes, paraffin-base crudes, and mixed-base crudes. An 
asphalt-base crude is usually a heavy dark liquid and, when distilled, 
produces an end product of a black, tarry nature. Paraffin-base crudes 
are lighter in weight and color, and upon distillation produce a residue 
that is light in color and resembles paraffin. The ordinary paraffin wax 
is obtained from such crudes. A few crude oils have been found that 
contain both asphaltic and paraffin materials and are therefore known as 
mixed-base crudes. 

The first crude oil of any consequence was discovered in Pennsylvania 
in 1859 and came from a well having a depth of about 70 ft. This state 
continued to be the only producer for a number of years, but eventually 
oil was discovered in Ohio, Indiana, and Illinois, and later, and in more 
recent yeafs, in California, Texas, Oklahoma, and Kansas, Crude oils, 
as obtained from these various sections of the country, differ considerably 
from the standpoint of the final products of distillation and vary greatly 
in the amount of the lighter products of distillation that they yield, 
such as gasoline and kerosene. The so-called light crudes, that is, those 
which are comparatively thin and lighter in weight per unit volume, 
produce a higher percentage of gasoline and kerosene and a lower pcu'- 
centage of lubricating oil and heavy products, whereas the heavier cruder 
oils contain less gasoline and kerosene and produce a greater quantity 
of lubricating oil and heavy products. It was thought originj-Ily that 
the gasoline from certain crude oils was superior to that obtained from 
others, but with the modern refining processes the fuel produc^ts produ(‘(Hl 
from these different crudes do not vary greatly in character or (quality. 

81, Petroleum Refining. — ^The production of crude oil and its con- 
version into hundreds of commercial products by the various distillation 
and refining processc^s have become one of the greatest industries of tlu^ 
age. As a rcvsult of economic and other factors, changes and improvc^- 
ments in refining methods are being constantly introduced so that th(^ 
manufacture of the numerous crude-oil products has developed into a 
highly complex industry. 

Likewise, the processes involved are not greatly standardizied, and it is 
difficult to convey to the average layman, by any simple or limitcMl 
explanation, just how the various products are mad(i. A study of a. 
typical flow chart (Fig. 83) shows that the first stage in the refining 
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process involves the breakdown of the crude, by straight distillation, into 
about eight groups, the lightest of which is entirely gaseous in nature, the 
heaviest being a semisolid or solid such as asphalt and coke. 

The second stage consists of converting the fractions into their respec- 
tive end products by means of distillation, chemical action, and special 


Ciude oil< 


Non-condensable gases. 


Naphthas. 


Refined oils. 


“ Cracked 


Gas oils. 


Light lubricating oil cuts . 


. Industrial fuel gas. 

/Petroleum ether, 
j Gas machine gasoline. 

f VRubber and other solvent naphthas. 

V. Cleaners’ naphtha. 

1 Tv/r / Aviation gasoline, 
j Motor fuel J Automotive gasoline. 

/Dry cleaners’ naphtha. 

J Varnish makers’ and painters* thinning 

naphtha. 

vEnamel thinning naphtha. 

( Kerosene for all purposes. 

* ( Liquid insecticides. 

/ Automotive gasoline. 

) Tractor fuel. 

* ) Kerosenes. 

VDomestic furnace oil. 

i Gas oil for enriching illuminating gas. 

* ( Distillate and Diesd-engine fuel on. 

/Cream separator oil. 

[ Gun, sewing machine, and household oil. 

' Electric motor and dynamo oil. 

1 Plain bearing lubricant. 

Engine craiik-case lubricant. 

Steam-turbine lubricant. 

Diesel-engine lubricant. 

Automotive-engine lubricant. 

Cutting-tool cooler and lubricant. 

i Rust i)reventive. 

Medicinal white mineral oil. 

Harness oil. 

Ply sprays for cattle. 

Tree-spray oil. 

Oil polish and wood preservative. 

Auto polish, 
i Furniture polish. 

1 Industrial lubricating greases. 

\Automotive lubricating greases. 

(Paraffin wax for sealing jelly glasses, wax- 


/Oils. 


^Paraffin wax. 




ing paper, waterproofing, etc. 
Candles of all kinds. 


S oils 

Petrolatum . 


/ Automotive-engine lubrication, 
j Transmission and differential lubrication. 
* ) Steam engine cylinder lubrication. 

VRust preventive. 

. Petrolatums and vaseline. 

/ Asphalt paint. 

} Road oil. 

’ 1 Roofing and insulation. 
vAsphalt paving. 

[ Coke Carbon products and fuel. 

Fig. 84. — Crude-oil products chart. {Courtesy Standard Oil Company [Indiana],) 


Asphalts. 


treatment. Referring to Fig. 83, it should be noted that, of the eight 
groups into which the crude is separated, three eventually produce 
gasoline. The first, or gaseous fraction, is condensed to form a light, 
highly volatile gasoline. The second, or “gasoline cut,” after being 
treated to remove certain undesirable impurities and redistilling, becomes 
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Kht-rim Kiisolinc. The fourth, or “giw oil (sut," is coiiverted into 
line liy “crackiug" aw (‘xplaiiHHi later. 

'he liKht(*r luliriciintH for various purposes an^ seeured from the “light 
eating oil eiit,’’ whieh follows the “giis oil <‘ut.” Th(‘ heavier auto- 
ve iul)ri<'uting oils for both (mgine and transmission lubrieation are 
,■<•(1 from another still heavier fraction known as heavy lubricating 
id 

'he jinxluets (‘hart (Fig. 84) .shows in more detail tin* large numl)er 
variety of products obtainablct from <!rud(‘ tx'troh'um and the particu- 
'cut ’’ yiehling th(‘ difTi'rcnt products. 

GASOLINE 

S. Gasoline Manufacture.— Gasolim* originally was a product 
ined only Ity tin* distillation of the crude oil. It was formerly some- 
t lighter and more volatile than the average gasoline now found on 
nurket. .Is indicated in Fig. 88, it is tiow produc<*d in thre(‘ distinct 
>< and is classified as straight-run, cracked, or casing-head, depending 
) the manner of production. So-called straight-run gasolin(( is 
lueed fty th«* ordinary distillation of crude oil. Th(‘ crud<( is Inuited 
givi'ti teinjicrature for a certain length of time and the n;sulting 
luct that distills over is gathered in a condenser. This distillation 
liict is lud ready for usis however, but is known by tlui rt^finer as 
ie lienzeiie or crude naphtha. Before being placed on th(‘ market, it 
t be subjected to a refining process, which consists of heating it with 
iiieals and redistilling it tJ> separate out any heavy materials that 
' have passed over during the first tiistillation and to remove any 
urities, 

i'racked gasoline is manufactured from heavier distillation fractions, 
iculariy ki'rosene and gas oil, atul, as the term implies, consists of 
iking up the so-called heavy molecules into lighter ones that make up 
dine. 'I’lu! process consists essentially of placing these heavier 
illation products in receptacles and beating them under pressure, 
s H'stdts in certain lighter products that pass off, are condensed and 
Inw treated and refined, and eventually resemble straight-run gasoline, 
('asing-hend gasoline is mamtfa<’tured from the gas that issues from 
wells or is obtained in the distillation of the erude oil. Th<* process 
sists of compressing and liquefying the gases and then distilling thcsi* 
lids under pressure, thus producing a very light ami volatih* product, 
s gasoline makes up only a very small pf*rc(mtage of the total amount 
iiufaclurcd. tU'dinarily it is not used in its original condition, owing 
ts great volatility, but it is mixed with heavier, lower (piality gasidine 
'orm what is known as a blomled product. Much of the gasoline now 
nd on the market is known as blended gaHoline and consists in many 
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cases of all three types : straight run, casing head, and cracked, as mixed 
together in the refining process. 

83. Impurities in Gasoline. — Wilson^ gives the following information 
concerning gasoline impurities: 

The two chief impurities in gasoline that may cause trouble are sulphur and 
gum. While small traces of sulphur seldom cause noticeable damage, and even a 
large amount may not result in serious difficulties in warm weather or under 
conditions where there is no moisture present, where appreciable condensation 
occurs so that sulphuric acid is formed, a small amount of sulphur may raise 
havoc. In exceptional cases such as with the present mufflers in which the num- 
ber of baffle plates has been increased in an effort to eliminate exhaust noises, 
gasoline of only 0.015 per cent sulphur has resulted in serious corrosion of the 
muffler in a single winter. The following effects of sulphur contained in gasoline 
have been determined by the XJ. S. Bureau of Mines: 

1. Excessive sulphur in gasoline does cause serious corrosion of moving parts 
within the crankcase, especially in cold weather and when frequent stops are made. 

2. There is no evidence that such corrosion occurs in warm weather or to any great 
extent op cars or parts that are kept continuously running during the day and in 
heated garages at night. 

3. There is absolutely no evidence to indicate that anything other than sulphur 
in gasoline is to blame. (Sulphur combined in the lubricant is not to blame except in 
so far as it may actually be burned in the cylinder.) 

4. The corrosion is undoubtedly caused in the first place by sulphuric acid, the 
formation of iron sulphide and oxide being secondary. As all forms of organic sulphur 
are burned to sulphur dioxide which is later changed to sulphuric acid, it is quite 
evident that the original form of sulphur in the fuel is of no importance. 

5. The amount of corrosion is not proportionate to the sulphur content of the fuel. 

6. Tests indicate that a sulphur content of 0.040 per cent does no harm, that 
0.151 per cent sulphur does appreciable harm, and that 0.458 per cent does very great 
harm. Just where to draw the line is hard to say. It would seem from the data 
given that 0.10 per cent would be a fair dead line. 

The gum-forming tendencies of certain gasolines have become of increasing 
interest in late years because of the increased popularity of the cracked gasolines 
and especially those which have been vaporphase cracked. The objection to gum 
in gasoline is that it tends to build up objectionable deposits. When the gasoline 
is sprayed from the carburetor, any dissolved gum present may be deposited on 
the heated portions of the intake manifold and on the inlet valves. Imperfect 
engine operation and loss of power may result either from a partial clogging of 
the manifold or delayed seating of the inlet valves. In severe cases, engine 
failure may be caused by complete sticking of an inlet valve. No other dele- 
terious effects on the engine have been noted. Only a fraction of the dissolved 
gum in the gasoline is deposited in the intake system, the percentage of the total 
depending on the design and operating conditions of the engine. The unde- 
posited gum is carried into the combustion chamber and burned with the charge. 
Carbon deposits seem to bear no relation to the quantity of gum in the fuel. 

1 Univ. Wis., Eng. Exp. Sta., Bull. No. 78. 
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i has been defined as a residue tliat is left by the evaporation of gasoline, 
e the residue which se|)arates from the litiuhl haslxam called resin. Resin 
specially apt to form in tlie presence of copper, (him exists in gasoline 
dissolved state and may be formed during storage and rennain in solution 

I the gasoline is ustHl, at which time it (sauses trotible. (him formed during 
age is referred to as potential gum/^ Hence, a cracked gasoline may be 
fr<nn gum imm(‘dint(‘ly after refining and yet contain an apprecialile <iuantity 
isHolved gum wlien it is uscal. (Certain tests are uh(h1 wlu<;h are intended to 
cate gum/' the gum which may be expecte<l to form lati^r. The 

[Its of such tests are intcnd<‘d to imiicate the pro]K)rti<mal amount of gum 

ii may giv<^ trouble aft(T a ratlier extended pc^nod of storages. Some gum 
s will hIsow an exmsUngly high gum value for straight-run gasoliiu^, ami yet 
^ ordimirily conshienHl as nil for such gasoline. The terms actual gum/’ 
eformed gum/' and ^'n^sidual gum'' are generally consith^rial idc^ntical in 
ming, and they refer to the gum which is alrea<ly pnwemt as dissolvcHl gum in 
‘)Iine, 

The exact nature tif tint compoumis in gasoline that di^posit as r(‘Hin or gum in 
kmnvn. In some cases, it has h(*en foiiml tliat sanu^ eoinpoumls cause 
yclhiw color or strong varnishlike o<lor in sonu^ cracked gaKolim‘S. (hacked 
edines from heavy crudes and fuel oils have a nmre pronounced cohrn which 
reases witli time. Howe\x»r, insofar ns the operation of a motor car is con- 
ned, it has never been estahlislied that either colors or odors arc important 
tors, ex<*cpt ns possible intlices <d the (pialitieH already discuHsetL (hmtrary 
popular belief, gasolines may fm yell<»w without containing gum, or may he 
orless and yet contain large cjuantitieH at gum. 

The problem of predicting how long a gasoline may hi^ sioretl without exces- 
e gum formation is difficult, not only is the gum stability a function of the 
rticular gasfdine undt»r cimsidturniion, hut it is alstj tk'pendent upon conditions 
Htoragi*. 'flic proc(»ss of relining has the greatest singh* i*IT(*ct U|am the stability 
regards gum formation, (hacktal gasidim^s from the samt^ gas oil, hut made 
dilTereut proccHses, vary widely in this respect. Tht^ raU^ of gumming is 
;reaml by aeration, by rise in teniperaturt% by the action of Ilglit, and l>y the 
Bmnm of dcleti^riouH substances, (hackeil gasolines from tlu^ lighter crudes 
.ve very little gum, while those friim heavy asplialtic crmles have a teiulcncy to 
le thciir color and form sediments. Even in extreme cases, gum <loc« not 
ceed I or 2 {icr cent. 


HEAVY FUEL SPECIAL FUELS 

84. Kerosene. --"'Kerosene is a heaviiT product of the distillation of 
’ud(! oil than gasoline. Its initial boiling point is about SfiCfF, and the 
id point is aliout It has been mm\ c^xtcmsively in the past m a 

uitionary-engine and tractor fuel, but, owing to its excuwivi^ <l<d.onation 
hariicteristie, it is laung suppIanHul by distillatc^s and special low-grade 
"actor fuels having a better antiknock quality and costing even less per 
alloiL 
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86. Distillates. — ^^Distillates are crude oil products greatly resembling 
a low-grade kerosene but usually having a different color and odor. 
Owing to differences in crude oils, in the refining processes, and in trade 
demands, distillates produced by different refiners vary greatly in 
gravity, distillation range, and other qualities. However, the better 
grades of distillates are usually cracked and partly refined products 
made from selected crudes in order to secure high antiknock qualities 
and freedom from gum. Certain low-grade distillates are usually 
straight-run products with higher boiling and end points than the No. 1 
grade. 

86. Special Tractor Fuel. — To meet the demand for a satisfactory 
low-cost fuel of the nature of distillate, some refiners supply a special 
distillate-type fuel of controlled uniformity for tractor use. These 
fuels are prepared from special crudes and treated and refined in such a 
manner that they have a reasonably low initial boiling point and end 
point, a high antiknock characteristic, and a low gum and sulphur 
content. 

87. Diesel Tractor Fuel. — Fuels for compression-ignition engines 
resemble a low-grade distillate, particularly with respect to gravity and 
distillation range. However they are lately straight-run rather than 
cracked products. 

In general, large, slow-speed Diesel engines can utilize satisfactorily 
a rather wide variety of heavy fuels, whereas the smaller, multiple- 
cylinder, high-speed Diesel engines require fuels having certain specific 
qualities. The usual specifications for fuels for Diesel tractor engines and 
similar high-speed types are: 


1. A.P.I. gravity 27 to 38® 

2. Initial boiling point 380 to 460®F. ' 

3. End point 575 to 725®F. 

4. Viscosity at 100®F. (Say. Univ.) 35 to 42 sec. 

5. Sulphur 1.5 per cent (max.) 

6. Carbon residue 0.25 por cent (max.) 

7. Moisture and sediment 0.05 per cent (max.) 

8. Flashpoint 150®F. (min.) 

9. Cetane number 45 (min.) 


Two important qualifications of Diesel fuels, particularly those used 
in high-speed engines are (a) freedom from solid matter, sediment and 
moisture; and (6) viscosity. An absolutely clean fuel is highly essential 
to the satisfactory operation of the injection mechanism, including the 
injection pumps and nozzles. Even slight traces of fine sediment or 
moisture may cause trouble. 

A fuel having a certain viscosity range is likewise necessary to permit 
the injection mechanism to handle it properly and, at the same time, to 
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ivicle some lubrication, A fuel liaviiiK free-flowing characteristics at 
teinperaturcH at which the (>ngine may o])er!il<'(i is also important. 

88. Cetane Rating of Diesel Fuels. — The mnrk<‘(l increaH<! in the 
)lication of high-compr(‘s.>^ion ignition to high-s]>ee(l (‘ngiiu's of the 
omofivc type has (li.sclo.s(‘(l th(f n(‘C(>,sHity of utilizing, in thes(‘ engines, 
Is having certain sp<>cific physical ami chemical <iualitii‘H that will 
)vid<t th<? necc.s.sary combustion characteristics wlnm injection ocrairs. 

For the purpose of comparing ami designating tin* ignition ((ualities 
such fu(*Is, the so-called c(‘tnne rating method has been d('v<'loped, 
iC cetane rating of a l)ie.HeI fuel is its ih>signat(‘d ignition (piality as 
[ermined by comparing it with a standard reiVrence fuel consisting of a 
•(*n blend of cetane ((’mlln) and ali)ha-mcthylnaplithalcne fCuHio). 
T exumpi(‘ a 40 cetane f\tel is one liaving the same ignition ijualities 
a blend <-<mtaining 40 jier cent cetane and 00 per c<‘nt ali)ha-m(!thyl- 
phthulene. The actual rating of a giv<‘n fuel must, be d(*t(‘rmin<Hi by 
•ans of a standard t<*.st /*ngine and stamlard conditions. 

89. Alcohol and Alcohol-Gasoline Blends. I’wo kinds of ah-ohol 
,ghf be usc<i as gas-engine fuel, namely, m(‘thyl alctdiol H'llA)); and 
nyl or grain alcohol ((’sHaO). N(‘ilhcr of the.s** is availabh*, how('ver, 
its pure f<jrm, but a third, which is known as denaturetl alcohol, is 

aiiufactured in considerable (plant it ies and would make* a .satisfactory 
c! under certain conditions. Denatured alcohol con.si.sis largely of 
ait) alcohol with .some wentd or mctliyl alcolnd mixed with if, together 
ith pyridine, which gives it a distinct odor and etdor. Perhaps the 
'incipal reasoji that ahadiol is not u.scd as a fmd at the prc.scnt tiim* is 
lat it offers no advantages over hydroenrbon fneis, and tlit* cost of 
amifacttire is mueli greater. Ollier po.s.sible olgeetiotis are: (1) It 
us otily alwut ou<‘-hnlf the heating value of oilier fut*!s, lienee a greater 
lantity is retpiircd to generate the same amount of power for the sanic 
;+riod of time. (2) It docs not vaporize so readily as gasoline. (11) It 
‘(piircs a higher compres.sjon pre.s.sure for the be.st re.snlfs. 

The blending of alcohol willi gasoline was brought to tla* attention 
F the American public by overproduction and the low prici*.s prevailing 
)r agricultural products. Tlu* use of alcohol ns ciigiiu* fuel and for 
liter jiurpo.ses would b(* an important factor in ineri'asing tlu^ demand 
>r agrieilltural produets, thereby increa.-<ing the price. 

Anhydrous or absolute ethyl aleohol will mi.x with gasoline in all 
niportions. (tommereial alcohol (alcoiad of '.)r> per cent piu'ity) will 
ot mix with gjisolinc unless it couslitutcs at least SO per cent of th(‘ 
lixturc. It can hi* madi* to blend with gasoline in any pniixadion by 
dding hh*iiding agents, such as propyl, butyl, and amyl alcohols, 
a*nzol, or acetone. 
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When added to gasoline, alcohol will raise the octane rating of the 
fuel. Its use with higher compression ratios shows a corresponding 
improvement in efficiency. A mixture containing 10 per cent absolute 
alcohol and 90 per cent gasoline has an octane value between that of 
ordinary gasoline and the standard ethyl gasoline. 

Alcohol has a distinct advantage in that it burns with an absence of 
smoke and without disagreeable odors. It produces no carbon in the 
engine cylinders and may even be regarded as a carbon remover. It 
should be run with considerable excess of air to avoid the formation of 
corrosive products such as aldehyde or acetic acids. 

Reported results of engine tests of alcohol-gasoline blends vary 
because of differences in test conditions. However, they do indicate that 
the variation in power over a straight gasoline will likely be less than 5 
per cent, and it is generally conceded that any increase in power does not 
offset the increased cost of the fuel. 

90 . Gravity Method of Testing Fuels. — Heretofore it has been the 
practice to express the comparative quality of fuels, especially gasolines, 
in terms of gravity; that is, the owner or operator of 
an automotive vehicle such as an automobile or a 
tractor was led to believe that a so-called high-test 
gasoline was a higher quality product and, therefore, 
more desirable than a low-test gasoline. In the past 
few years, however, the demand for gasoline has become 
so great that it has become necessary for the oil refiner 
to meet the situation by converting more of the heavier 
fractions of crude oil into gasoline. Thus the com- 
mercial gasoline now being produced is a slightly 
heavier product than formerly and possibly somewhat 
less volatile. However, this apparent lowering of the 
quality of the fuel has had very little effect upon satis- 
factory engine operation, owing to the fact that the 
engine manufacturers have promptly taken steps to 
adapt their products to these fuels. In fact, the 
])resent-day automotive engines operate more smoothly 
and with less trouble on these lower gravity fuels than hydrowoteiTin** d«- 
they did, a few years ago, on fuels that were con- tormining gravity of 
sidered as more desirable in qualityj 

The gravity of a fuel or an oil may be expressed as specific gravity or 
as A.P.I. (American Petroleum Institute) gravity, formerly known as 
Baum6 gravity. The latter scale is preferred in the United States in 
connection with petroleum products. The specific gravity of a liquid is 
the ratio of its weight to the weight of an equal volume of water at 60“F. 
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M' rciatiojiHliii) of the A.P.I. gravity Hcale to .siK'.eifi(! gravity is (^xpr(‘ss(>(i 
' tlu^ following formula: 


I)<«grc(*K A.P.I. 


141.5 

.sp. gr" ()()7()()°K. 


131.5 


The device Ti.se<l for t(‘.stiiig th(' gravity of a litjuid i.s known aa a 
nlronnder. llHually two hydroinetons are nee<WHry, on<‘ for li(]uiclH 
nhf er than water, and another for li<[ui<lH h<“avier t han water. Figure 85 
iaHtrate.H how the hydrometer i.s plaeod in the liipiid and rea<l. 



Ft<«, Hil ApimnilfW for mwking (iiaUltufioii iMtu of itnd oOu*f liquid 


Table VII givea the A.P.I. gravities of (he more eommon lifiuki fuels. 
I’Ih- values vary fnuu about TO” for a high-test, very v<jlatih* gasoline to 
to® f<»r a low-grade distillate. It is thus observed that the lighter the fuel 
md the hiwer its speeifie gravity, tin; higher tlu' A.P.I. gravity vahu* in 
legrees. 'Fhe A.P.I. gravity of pure water is 10”. 

91. Distillation Test of Liquid Fuels. " 'Fhe gravity method of deter- 
nining tlu^ value <d litiuid fuels is rapidly being displueeii by what is 
uiowt! us th(> distilliition test. In making sueh a test a given (juantity 
i!(H) ee.) c»f the fuel is plaeed in a flask (Fig. 86), heated, and its so-called 
riitial boiling point not<*d from the thermom<-ter inserted in tin; top of the 
flask. Then, as the heating is continued, a certain amount vaporizes, 
pasw*H off, and is <-ondenHed. 'Fhe temperatures at which i'crtain per- 
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centages of the fuel pass off and, finally, the end point is observed; that 
is, the temperature at which the last drop evaporates. A better idea of 
such a test may be obtained from the curves (Fig. 87). 

92. Detonation — Preignition — Knock Rating. — The tendency in re- 
cent years of designers of automotive and tractor-type engines to resort 
to higher compression pressures, in order to obtain more power and speed 
and increase efficiency, has resulted in pronounced fuel-knocking effects 
in many of these engines. This knocking, properly termed detonation, 
causes an unpleasant, sharp, clicking sound that is most noticeable when 
the motor is operating at low speed with wide-open throttle. Detonation 
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Fig. 87. — Distillation-test curves of common fuels. 


is often confused with preignition, but there is a distinction. Preignition 
occurs when the charge is fired too far ahead of the compression-dead- 
center position of the piston, owing either to excessive spark advance or 
to premature, spontaneous ignition resulting from excessive heat in the 
cylinder. The resulting noise is that of the pistons and bearings as the 
piston completes its stroke against abnormally high pressure. Ordi- 
narily, retarding the spark will eliminate this type of knock. 

Detonation occurs during the process of combustion of the mixture 
within the cylinder after ignition has taken place. It is often referred to 
as ‘'knock,” “pink,” or “ping.” According to Wilson:^ 

While there is still much to be learned concerning just what takes place in a 
combustion chamber during the one-hundredth of a second period of combustion, 

1 Univ. Ww., Eng. Exp. Sta., Bull. No. 78. 
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tlieory of detonation haa been (juite definitely eHtal)IiHhe(l in the host few 
r8. It in known that a comlnwtible mixture of fuel and air, when ignited 
i npark, will Imrn in a prt^groHHivt^ inann(»r, and an avtu-age value for the rate of 
Mid of tiie flame ban been didennined aa approxiinaic'ly 70 f(s»i p(*r Heeond. 
/fikea time f(»r the flame to npreatl to the elinrg(‘ (x-cnpying the most distant 
tion of the combustion chamber. In tin* numitiine tilings arc^ happ<‘ning to 
^ unburned portion of comlnistibh* mixture. It is laung compn^ssed by the 
■lied charge, which is rapidly incr<*Hsing in vohum* as h(*at is lihcTatcHl by the 
dniHthm process. This compression raises the temperature of the uuburned 
xge. Moreover, this “ Instdodmrn” portion is tadug luxated hy radiation of 
,t from the flame itself aisl from any hot spots in its imnuHliate vicinity, 
re the iletonating temperature* (1400 to Io0tri«\) is renedied, the* “last-to* 
*ir’ portion goe.s <4T with a bang b(*for(* tin* emh^rly progr(‘ssion of the flame 
nf ever ri‘ncht‘s it. Tliis sets up violent pr{*s.snrc* waves within the combustum 
imber. Tlie huTe these waves <*reutes hamm{*rlike bhnvs against the 
crior Walls and surfaces of tin* eombustion ediamber. 

The problem of eaintnil of eietomtlion is being Imndhul in a. nnmb<*r of 
,ys as follows: 

1, IVe S|HS’iidly designed cylinder hends and pistoim tn so slmpe the eombuslioa 
iCe that I he Inst-to-burn portion of the eltnrge will la* spread ont into a thin sla*t‘t 
I ttH temperntun* field down more elTeetively. 

2, Ffovitle more elTeetive water eirrulathm am! eouling arotmd the (’ylimh'r head 
I exhaust vtih*es. 

3, Use eyl«nh*r hi*ad and piston inateHals partit*ulnrly tdummum alloys that 
»vide more rapid heat dissipation, 

■I. Tse a properly designed spark plug and locate it in | fa’ “hot region “ and pr«*f<^r" 
ly near the exliaust valve, 

fh Klimimile iir redtiet* carbon deposits. C’arhon is an exiadlenf heat insulator and 
♦reby imiuces detonation by creating nietfeclive cooling of the romtmstion spaei*. 
Ik l^litinlniit the correct mixture of fuel and air and the propiw spark setting and 
Ive lid just nient. 

7. Use spectfdly treated or mMuiUed “doped*' or antiknock fuels. 

B. Add water as in the case of tractors using heavy fui*ls having excessive deionai- 
K cliiifiicteristics (sih^ Par. Ih'i). 

93. Antiknock Fuela, WilsoiU stnitns: 11 h* nainrt* of tht* find Ims an 
iportiiiit effect upon iht* tmuieney to thd.onate, and are two 

.etors wbhdi <ieti*rinine the extent of tfiis temhmey. an* the 

•miieratnre at whieh tin* air-ftnd mixttire will antoignitiu ami the rate at 
hieli pr<\Nsur(* bnihfs up during eotnbnstion. The antlkiioek vahie of 
'isoline is dt^pmuimit upon several faetors. d’lunst* ineliidt* tlu^ souret^ of 
le enidt* oil and lltt* method of erat*king and dlslilling. Tin* gasoline 
rodneed from naphthenic bast* t*ruth*H such as thost* from {'alifornia and 
kilf (kiast fieiiis Iiavt* liightw nnt ttral antiknock (pialitieH than those from 


* rate. Il’w. EtHf, F,rp, Spt , ButU. No, 7H. 
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the Pennsylvania fields. The cracking process can be controlled to 
produce gasoline of very high antiknock properties. 

Certain chemicals may be added to gasoline to reduce its tendency to 
detonate. The effect of these so-called dopes upon combustion is to 
raise the autoignition temperature and also to slow down the combustion 
process. This affords time for the piston movement to provide some 
increase in voltyne for the hot gases. There are many substances which 
will successfully slow down combustion but are unsatisfactory for one 
reason or another. Motor benzoP^ is very effective as far as the 
elimination of detonation troubles is concerned. It is a mixture of benzol 
and gasoline in a ratio of about 2 parts benzol to 3 or 4 parts gasoline. 
The benzol, a fuel in itself, is a coal-tar product recovered as a by-product 
in the manufacture of gas and coke. It usually contains an appreciable 
portion of toluene. This lowers the freezing point of the mixture, which* 
is a desirable feature, since pure benzol has too high a freezing point for 
winter use. Unless carefully purified, benzol is likely to have too large a 
sulphur content. 

Tetraethyl lead compound is the most popular gasoline knock sup- 
pressoijj in use today. Gasoline treated with this compound is marketed 
under the trade name ^^Ethyl.^^ Ethylene dibromide is added to prevent 
the formation of lead oxide which would otherwise deposit on spark plugs, 
valve seats, and valve stems. The red aniline dye serves only for identifi- 
cation. Tetraethyl lead compound is added to gasoline in the ratio of 
about 1 part in 1,200 of gasoline. Although they are very effective in 
slowing the combustion process and preventing detonation, the addition 
of either ethyl or benzol increases the price of the fuel, which, at the low 
gasoline prices in the United States, is only partly offset by the increased 
fuel economy resulting from the use of the higher compression ratios. 

94. Antiknock Rating. — The method of measuring and designating 
the antiknock quality of fuels is described by Wilson^ as follows: 

One of the big problems in the field of detonation studies has been the 
matter of establishing a means of rating motor fuels. It became neces- 
sary to establish, not only the equipment and procedure, but also the 
scale of measurement. Octane number has been established as the stand- 
ard scale of measurement. Isooct'ane and normal heptane are two pure 
hydrocarbon liquids that can be reproduced. The octane has very high 
antiknock qualities, while the heptane is such a violent knocker that it 
cannot be used for fuel in engines with a compression ratio greater than 
3.75 to 1. Numerically, the octane number is the percentage by volume 
of isooctane in a mixture of isooctane and normal heptane that matches 
the antiknock value of the fuel. This furnishes a scale from 0 to 100. 

^Univ. Wis. Eng. Exp. Sta.j Bult. No. 78. 
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Many attempts have been made to find some physicail or clnanical 
|x>rty of motor fu(*ls that would pre<ii(!t the kuociking tendency that the 
i would have wh(‘U useil in a motor. Tluvse attempts have b(‘en only 
tially successful, and luuice, the standard method of rating (amsists 
ising the fut'I to hi', rat^c^d in a standard test engine uiuhir pres(!ribed 

jinxHalure. In order to (diminate 
errors due to changes in atmospheric 
and engine conditions from day to 
day, the knottk rating is aifcomplished 
by brackiiting the unknown fuel be- 
tween two stamlard bhmds of known 
octane rat ing. Because of th(^ expen- 
siv<‘ nature of octane and heptane, 
secondary standard ref<“r(*n<-<‘ finds are 
rated and used for routine test work. 
'I'he octane numbiu' of a find is ascer- 
tained by comparing the knock inten- 
sity for the fuel witli those for various 
blends of th<‘ reference fuels until two 
blends ililTering in knock rating by 
not more than two octane numbers 
are founil, one of whii’h gives a higher 
knock intensity tlian the unknown 
aple, and tin* iither a lower knock intensity. 

In recent years, the antiknock iiualtfies of gasoliiu's liave shown a 
•ided increase. lii*gular gasoline now shows an octane rating of 65 to 
while premimun grade fuels usually show 72 to H6. 'fhe octane rating 
third-grade gasolines is usually about 50 to 60. 

95. Use of Water with Heavy Fuels.— When kero, sene, distillate, or 
lilar heavy fuels are used in tractor engines, better vaporization, and, 
)se((uently. more jiower and greater ediehmey often result if a eompara- 
ely high eompre.ssion pressuKi— 75 to 4)0 lb. per sipinre ineh is main- 
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tained. However, pronounced detonation occurs, particularly at heavy 
loads for the reason, principally, that such heavy-fuel mixtures ignite at a 
lower temperature than a gasoline-and-air mixture, as shown by Table 
VIII. It has been found that this knock can be eliminated and smooth 
action produced by permitting a certain amount of water vapor to enter 
the fuel mixture. This is done by equipping the carburetor with a 
water-jet nozzle and needle valve, similar to the fuel nozzle and valve, as 
illustrated in Fig. 88. This valve is opened and the water turned on only 
when the knock develops; that is, the engine may operate smoothly on 
kerosene and, therefore, require no water at certain loads. When the 
knock does develop, usually at heavy loads, the water valve should be 
opened just enough to eliminate the noise and no farther. The action 
of the water has never been clearly determined but the following theories 
seem most plausible: 

1. It prodxices a slower burning mixture, that is, one that may be ignited at the 
usual time, but which burns slower than the same mixture without water vapor. 
Therefore, the explosion occurs later, or when the piston has reached the end of the 
stroke. 

2. It reduces the temperature in the combustion space thereby retarding or pre- 
venting the preignition of the mixture. 

3. It results in some sort of a chemical action whereby compounds are formed 
that do not ignite so readily at the existing temperature. 

96. Vapor Lock. — Vapor lock, gas lock, or air lock is the partial or 
complete interruption of the fuel flow in the fuel-feed system as a result 
of vaporization of the fufel and the formation of vapor or gas bubbles at 
some point. It may be due to the use of a fuel having a too high per- 
centage of light or volatile material or to the location of the fuel tank, 
lines, pump, and so on, with respect to the hotter parts of the engine. 
Vapor lock often occurs with engines operated at high altitudes as a 
result of the lower boiling point. 

Difficulties from vapor lock show themselves most commonly in 
failure of the engine to idle after a fast, hot run or in traffic; sometimes in 
intermittent or uneven acceleration after idling; and sometimes by 
irregular operation during a sustained high-speed run. Complete stop- 
page of the engine rarely occurs, but when it does, the cause may bo 
traced either to vapor lock in the line leading to the carburetor or to 
boiling in the filter bowl. 

97. Heating Value of Fuels. — The heating valiue or the amount of 
heat energy contained in any fuel is measured by means of the heat unit 
known as the British thermal unit (B.t.u.)y which is the quantity of 
heat required to raise the temperature of 1 lb. of water 1®F. The 
heating values of the common liquid fuels arer'^given in Table VIL 
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18. Combustion of Hydrocarbon Fuels. ‘The t<*rm aombuMion is 
ied to thc‘ proeess l)y \vhi<'h a fuel unit(‘s (‘iH^nueally with oxygen 
tueing what is known as an oxid<' and oftcni geiun-aling In^ai of eon- 
rahle intensify, and stnuelinies light, it may a. very slow or a 
^ raptil For (example, th<^ rusting of a pieet* of iron is a 

paratively slow proet\sH restdting in tlu^ unioii of tin* iron with oxyg(np 
ling wiiat is known as red iron oxide or rust. In a etnnmon wood or 
stove there is a more rapid union of oxygen with tlie earhon of the 
d or eoal, o^sulfing in a high temperature and a heating i*HVel. 
in the internal-eomhiistion <*ngine, rapid eomhustion takes jilaee; 

IS, the fuel, wlien mix(Hl with the propm* amount of oxyg<*n and 
fed, burns instantamsmsly resulting in tin* pr<Hlue1 ion gastsius 
,es largely {’arbon monoxide and dioxide and uater. These gas(\s, 
;g eonfiiasl in a very small spa<’e, produ(*<‘ bigli pn^ssurc* and eonse- 
litly t*xert great fon^e on tin* piston of the migine and thus generate 
er, 

>xygen, tla»refore, is iiei^essary for eombustion in all <’ases, ami the 
nieal arlton taking phu’e during tin* eombustion of the fm*l tnixlure 
gas engine may la* repr<‘seiited liy the following <*hemieal (apintion; 

<dl4 -f 20. :.:■ i'ih + 21bit) 

oxygen, in all i*nses, is obtained from the atmosphere; that is, a 
uin amount <if air is mixed with the fuel before ignition lakes phiecn 
lougli air is only about 22 to 23 per eent t^xygmi, the tnhm* 77 per <*(mt 
irgidy nitrogmu wididi does not have any efTeef upon tsanbustion. 

Correct Fuel Mixtures.- - Knowing llie ehemicail ecnnposition of a 
, the alondt* wa»ight of the prineipul (elements involved^ namely, 
am, hydrogen, and oxygen, and the pfueiMUage of oxygen in tlie 
.esphere, we (*an reatlily (ntlfmlate the inmmnt of air neiawary to 
:itire pc^rfeet eombustion in the ga> engine cylinder. Hm*h a ealeula- 
I will show that a eorreet mixturt* <»f fuel and air is made up in tlu^ 
tamtioii of I part by weight of fu<*I to about. 13 parts by weight of air; 
i is, ! lb, of fuel reciuires 15 tin of air for perfetu I'ombustion, 

A fuel mixtun* <‘ontaining I<w tfian the reffuired amount of air is 
►wii as II rieli mixture; that is, then* is not enough oxygim pn*smii in 
mixture to produee romplete eombustion, and tin* most notieinible 
is the pnsluetion at the exhaust of tlie tmgtiie of blaek smoke*, 
<*h is nothing nmre than free* earbom 'riie usual indiemtiemH of a too 
I fnvl mixture an*: (ll blm*k smoke* at the* e*xhaust ; (21 lae*k <d pow(*r; 

1 (3) ewerlieaiting <if the* emgine*, 

A mixture eontaining im>re* than the* retndrefl aiiiount of air is kimwn 
I h*aii mixture^ and is b«*sf indi<*at<‘d by what is knenvn as baekfiring 
iiugli the intake passage* ami earbun»ior. Hueh a mixture* is ve‘ry sleiw' 
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burning and produces: (1) uneven firing, (2) lack of power and (3) 
overheating. 



Fig. 89. — 'Curves showing; the effect of air-fuol ratio upon power, economy, and exhaust-gas 

analysis. 

100. Effects of Fuel Mixtures on Efficiency and Power. — The effects 
of fuel mixture on engine performance are discussed by Wilson^ as 
follows: 

^ Univ. Eng. Exp. Sta., Bull. /S. 
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rht* mixture ratio can vary over a wide range with<*ut causing the engine to 
. Howeveri for good perfonnuuc(‘ and (‘conoiny of operation the ratio 
lid not differ much from 13 to Ih. of air per pouml of gaHolinCj and this 
) Hhouki !>e maintained for all speedn ami all loads exc(»pt full load. Figure 89 
vs the effc^ct of varying air-fuel ratio by changing tlu‘. Ciarhure^tor adjust- 
,ts or the sisse of the gasoline jets. Tlie p<»int of maxhnuiu (dfieieney (Hi lb. of 
|H*r |Knmd of gasoline) occurs for a carburetor adjustment leaner than that 
ureal fi^r maximum power (12 lla <ff air |w^r pound of gasoHmO. lienee, the 
mr adjustment is soim*where in between tliese two limits. Maximum power 
^ be obtained only at the cx|Hmse of supjdying an <iXCC!HS amount of gasoline 
hors(*pnwer delivered. An adjustment «>f the carljuretor for about 14*^ lb. 
ir |s»r |HHind of gamdine wrmid mean about 9b per cent maximum (dneicMicy. 
‘dmum efiliuimcy may be any whore Isitweim 17 and 24 per cent of tlie heat 
IIhI in the de|K»nding upim the design ami ctmdition of the engine, 

.\h the throttle approaches the wide-open position, H<»im* inen^ase in the rich- 
j of the mixture is desirable in cmler to |H*nnit the <h»v(‘Iopinent of maximum 
c'powfT. ''rids can be actsanplished only at tb<^ {»xpens<i of econom.y, for the 
of a rich mixture of 12 th. of air to 1 lb. of gasolim? results in a d(*creaHe in 
ieiicy ti* Hd |H*r cent of the maximum. 

In inidition to the lack (ff vvjmomy resulting from the use of t)verrich mixtures, 
’e is the still im^re serious effect of the resulting <leadly carbim monoxide, 
ch is the poisonous element in the exhaust gas. It is colorless, almost odor- 
, and has no irritating effect u|Ktn the lungs. The presence of cmly I part in 
i) parts of air taken into the lungs for a iwrani of 5 or 5 lir. will cause severe 
rlache, while I part in §(K1 for a iK’friod of 1 hr. is sullichmt to cause ihtailu It 
I largely by poi, Honing the brain cells through the displacement of oxygen in 
IdoisL Figure 89 shows that the amount of carbon imamxiih* is practically 
ligitde for air-fuel ratiiis of lb: 1 or greater. Fiir rich mixturem there is not 
ugh oxygen present for roinplcde combustion, (hirbem dioxide meiisurc^ 
its lire being usc^d as a giHsl indication of the completeness tff combustion, 
the carlam of the fuel must las burneil to carbon dioxiile in order to Hlarate 
maximum amount of energy, 

ProtKtr eitrburetor adjustmenit is usually tbe only means by whi(*li a 
reet fuel mixture may be obtained. Borne of tlie factors affeu^ting it 
?: (1) the load on the engine; (2) the speiul of iho engines; (3) thc^ sixe 
;! type of the engine; (4) the type of eooHng system used; and (5) the 
ui of fuel lised. 
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(1IAini%H IX 

FUEL-SUPPLY AND CARBURETION SYSTEMS 

T!h* furl^.>u|)[)Iy aa<I {'arlntrolion Hystriii for an t^rdiiniry roiupn^ssion, 
Hirofiiijc-fypo oni^inn vaimsis ossonliully of (Ij a supply nontainnr 
nnk, f2t a nirljumtor, CU Iho iKHawary otjunorlin^ linos* pump* filter* 
* and Ml the intake manifold to camdurt the mixtuff* from tLe car- 
Mor to {!io oylindor. The usual sysfcnns are: 

,, Th«* Hinikni hy.Mf4*rii ns us*‘ii on houm* sinji;kM*yIind<*r stationary fann (*ngiin*H. 

I Tlia forno4oi*tt .MVHtiait an nsoil on both sin^lo- nini jnult iplonyliialnr Hf at ioitary 
autiniiotivoU.V|a* an|<inoa, Thin Hvatfon timy ohi* u!i ovorflow-type rnrhun'tor 
t fiiobraturii lino or flu a ihaitOypo aarhnrator with a H|Hn*ial ftn*! pump (Ki||. tlfp. 

fuiJ mm- 
hjre to 



3. Clriivify fnotl with floaMypo inirbnra!»»r and olovatm! foal tank, twod on laitli 
da- and intdtiph'.<-yllijdrr Htntioiuiry and HUton»otivt*Uypo engines iFig, U3). 

lOi. Principles of Carburetion. The finiftiiius of a carhun’tor are: 
{o iiMwist ill proiH'iiy v:i])(>rizliin: the fut'l, (2) to mix flu* vaporiw'd 
I li! the forrccl proportimiH with air, ami (2) to .Nijpply tlm cngim’ with 
• jiroixT (jtiuiitily <tf tliis mixtitrc (It'iHanliiiK upoii tiu* IimkI, spceti, 
iiporatiirt*, and olltcr (■<aiditiotts prfwiit, 

The fiHidaiiientid primdplc ompl<ty<*d iti pm<'t icaliy all t ypcH of Kasoline 
I kerortcne (*arhtin’torf< is iliuHt rated hy Kilt. !•<>. A short lidadar 

tiH 
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device is fastened to the intake passage or manifold. When the intake 
valve opens, air flows at a high velocity past a fuel nozzle placed in the 
tubular passage, drawing the fuel from it in the form of a spray. The 
liquid fuel is thus broken up into fine particles and mixed with air to 
form an explosive mixture. The following conditions, therefore, are of 
fundamental consideration in the proper functioning of any carburetor 
operating on this spray-tube or jet-nozzle principle: 

1. A constant fuel level must be maintained in the nozzle. 

2. There must be at least partial if not complete vaporization of the liquid fuel, 
regardless of surrounding temperatures. 

3. The correct mixture of vaporized fuel and air must be maintained at all times, 
regardless of engine load, speed, temperature, and other operating conditions. 

102. The Suction System. — The fuel is placed in a tank that is 
located below the carburetor, with a fuel line connecting the two (Fig. 91). 



Fig. 91. — The suction system of fuel supply and (sarburetion. 


On the suction stroke of the piston, owing to the vacuum produced in the 
cylinder, fuel is drawn through the fuel line to the carburetor. At the 
same time, air is drawn through the air passage. The fuel mixture thus 
formed passes into the combustion space of the cylinder and is ignited. 
The correct mixture is obtained by the proper adjustment of the find 
needle valve, which controls the amount of fuel passing through the jet 
nozzle. With this system, as well as with all others, it is necessary to 
maintain a certain fuel level in the nozzle of the carl)i:iretor. This is done 
by placing some kind of a check valve in the fuel line, whi(;h prevents the 
fuel from rxinning back into the tank at tlu^ end of the suction stroke, so 
that, at the beginning of the next intake stroke, fuel is available at the 
nozzle and is immediately drawn from it. 
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103. Force-feed System. — The principle of operation and arrange- 
ment of the force-feed system with overflow is illustrated in Fig. 92. It 
consists of (1) a tank, located below the carburetor; (2) a pump to force 
the fuel from the tank up to the carburetor; and (3) an overflow line, to 
conduct the excess fuel back to the tank. A mechanically operated 
pump, usually of the plunger type, forces the fuel from the tank to the 
carburetor, and an overflow passage or arrangement of some kind, placed 



Fi(i. 92.“—Tho force-food system of fuel supply ntul curburoiioru 

at a certain level in the carburetor, maintains a constant level of fuel 
at the jet nozzle. The advantage of this systenv is that, regardless of the 
quantity of fuel in the tank, the lcv(d of fuel in the (uirburetor will always 
remain exactly the same. This system is, thcireforci, bc!tt(!r adai)t(sd to 
the use of kerosene because the latter fuel is most semsitivo to slight 
changes in fuel level, quality of mixture, and so on. 

All automobile engines and some tractors are now equipped with a 
special type of fuel pump (Fig. 94), which permits locating the fuel tank 
below the float-type carburetor but requires no return line. 

The operation of the pump is as follows: Movement of the rocker arm D, which is 
pivoted at E, by a cam on the camshaft, pulls the diaphragm A downward against the 
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pressure of spring C and creates a vacuum in pump chamber M, Fuel from the tank 
enters the sediment bowl K through strainer L and passes through the check valve N 




Fig. 94. — Sectional view of the automobile-type fuel pump. 

into pump chamber M. On the return stroke, spring pressure pushes the diaphragm 
upward forcing fuel from the chamber M through outlet valve 0 into vapor dome P 
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and out to the carburetor. When the carburetor bowl is filled, the float in the float 
chamber will close the float valve, thus creating a pressure in pump chamber M. This 
pressure will hold diaphragm A downward against the spring pressure, and it will 
remain in this position until the carburetor requires further fuel and the float valve 
opens. The rocker arm D is in two pieces and is split at R. Therefore the movement 
of the rocker arm is absorbed by this “break” at R when fuel is not required. Spring 
S is merely for the purpose of keeping the rocker arm in constant contact with the 
actuating cam. Figure 95 illustrates the complete system using such a pump. 

104. Gravity System. — The third, or gravity system, as illustrated in. 
Fig. 93, consists of: the tank, placed above the carburetor; the fuel line; 
and the carburetor, fed by gravity. The quantity of fuel that is allowed 
to flow into the latter is controlled by a float of either cork or hollow metal. » 



This float is attached to a float valve in such a way as to allow tlu^ fuel 
to enter the carburetor at the same rate at which it is Ixuiig consumed by 
the engine. This system likewise maintains an al)solutely uniform l(‘vel 
of fuel in the carburetor, regardless of th(i ciuanlity in the tank, and 
therefore, is adapted to both gasoline- and kerosene-burning engines. 
As will be seen later, carburiitors used with the gravity system of fuel 
supply are, for certain reasons, more complicated than those ’used with 
the two other systems. 

106. Carburetor Types and Construction. — 'riie suction type of car- 
buretor, as illustrated in Fig. 91, is the simplest possible device that can 
be used. It consists essentially of a cast-iron bo<ly, the jet nozzle, a 
fuel needle valve, and the choke. Its use is confined almost entirely to 
single-cylinder stationary farm engines, burning gasoline. Since tlift.se 
engines operate at one speed only, and usually at a more or less constant 
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load, the correct mixture can be controlled by means of the needle valve 
alone. 

The narrow part of the air passage around the nozzle of a carburetor 
(Fig. -90), usually called the Venturi^ is for the purpose of creating a 
greater air velocity and, therefore, a stronger sucking effect at this point. 
The purpose of the choke is to shut off the air so that a greater amount of 
fuel may be drawn in, when the engine is being started, because the 
slow piston movement* provides only limited suction. Ordinarily, the 
choke should be used for starting only and not for adjusting the mixture 
during operation. 

The overflow type of force-feed carburetor is likewise used on single- 
cylinder one-speed farm engines. In addition to the parts found in 


J'hrofPe 



Fig.. 96. — Simple type of float-feed carburetor showing essential parts. (Courtesy of 

Vacuum Oil Company,) 

the suction type, this carburetor also has a fuel or overflow 
chamber and an overflow opening so that a constant fuel level may be 
maintained at all times at the jet nozzle. In other respects the carburetor 
works exactly like the suction type, and a correct fuel mixture is main- 
tained in the same way. 

The float-type carburetor (Fig. 96) is more complicated and is usually 
made up of the following essential parts: (1) jet nozzle; (2) fuel needle 
valve; (3) choke; (4) float; (5) float valve; (6) throttle butterfly; and (7) 
auxiliary air valve, or other compensating device. The float, together 
with the float valve, controls the fuel entering the float or fuel chamber of 
the carburetor from the tank and thus maintains a certain fuel level in this 
chamber and at the jet nozzle. Floats may be of either the cork type or 
hollow-metal type. The latte? is used almost exclusively because of its 
durability. 
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The throttle butterfly is for the purpose of controlling the quantity 
of mixture allowed to enter the cylinders. It, therefore, controls the 
engine speed and power. With a low speed or a light load, less fuel 
mixture would be required, and the throttle would be only partly open. 
For a high speed or a heavy load, the throttle would be wide open in order 
to permit the cylinders to receive a full charge. The opening and closing 
of this device, according to the engine speed and power output required, 
are effected by either a hand or a foot lever as in automobiles, or mechan- 
'cally by means of a governor on the engine as in farm tractors. 

106. Auxiliary Air Valves and Other Compensating Devices. — ^The 
principal underlying reason why the float ox gravity type of carburetor is 
more complicated than others is that it is used on engines operating at 
changing speeds and loads; that is, it has been found that in order to 
maintain a constant and correct fuel mixture under such conditions, a 
carburetor equipped with some kind of a so-called comi>enHating device 
or arrangement is necessary. The following explanation will make this 
clear; Suppose that an engine is equipped with a simple carburetor, as 
shown in Fig. 96, and is operating at a comparatively low speed and light 
load, but with the proper fuel mixture. Obviously, tlu'. throttle butterfly 
v/ill be nearly closed. Now suppose that the throttle is suddenly opened 
with the idea of increasing the engine speed or power output. The 
increased throttle opening itself permits a greater suction at the nozzle, 
causing more fuel to be taken up by the air stream. Likewise, the 
velocity of the air through the carburetor inc.rcases so that it would seem 
likely that the correct air-fuel proportion would b(^ maintained. How- 
ever, such is not the case. Experience as w(dl as thciory has proved that 
the quantity of air drawn in docs not increase at a rate great enough to 
maintain the correct air-fuel mixt\ire, and it becomes too rich. Now 
suppose, with the engine running at this increased speed, that the needle 
valve is readjusted so that the mixture is again corretd; that is, the needhi 
valve is closed somewhat. If the engine were agiiin slowed down by 
closing the throttle, the mixture would be too lean, owing to the fact that 
the decreased suction does not permit the re(iuinHl amount of fuel in 
proportion to the air to be drawn from the nozzle. Therefore, if automo- 
bile, truck, and tractor engines, for example, wore equipped with such a 
carburetor, considerable difficulty and inconvenience would be encoun- 
tered in maintaining the proper fuel mixture and the much-desired 
smooth operation at any speed or load. Obviously, to be constantly 
readjusting the fuel needle valve would be impractical. 

The float type of carburetor, therefore, is equipped with some sort of a 
compensating device or arrangement or is so constriuitcd that the mixture 
adjusts itself instantly to any changes in ..engine speed or load and thus 
remains properly proportioned. Several different methods are employcid 
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by carburetor raanufacturers to bring about this action. The more 
important of these are explained in the following descriptions of a number 
of well-known makes of carburetors. 


FLOAT-TYPE CARBURETORS 

107. Eungston Model L. — The Model L Kingston carburetor is being 
used on a number of tractors. As shown by Fig. 97^ it is a compact 
device of the concentric type, that is, it has a doughnut-shaped cork 
float, with the spray nozzle and needle valve located practically in the 
center of the float chamber and float. With this construction, the 
tilting of the tractor and carburetor in any direction has little effect on 
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Fio^. 97. — Sectional view of Kingston Model L carburetor. 


the mixture, since the fuel level at the nozzle will remain at about the 
same point as it would if the carburetor were level. 

The Kingston Model L carburetor operates as follows: Referring to Fig. 97, fuel 
enters around the float valve and passes into the bowl causing the float to rise and 
close the valve. At low or idling speeds, air enters at the air intake and picks up a 
small quantity of fuel from the spray nozzle. The resulting mixture passes upward 
through the low-speed tube as shown by the arrows and goes to the engine. Owing 
to the low engine speed and nearly closed throttle, there is insuflicient suction to lift 
the secondary air valve, but enough fuel mixture can pass through the low-speed tube 
to keep the engine running. 

As the throttle is opened and the vacuum increases, the secondary air valve, which 
is made of a heavy metal and hinged as shown, is lifted from its seat allowing more air 
to pass through. This air also passes across the spray nozzle with high velocity and 
becomes impregnated with atomized fuel. If the needle valve is correctly adjusted, 




106 


FARM GAB ENGINES AND TRACTORS 


a correct air-fuel mixture will be supplied to the cylinders at all speeds and loads, the 
so-called automatic air valve being so designed that it will open the correct amount at 
any engine speed and load. In adjusting tlie needle valve, open it up about turns 
and start the engine, getting it well warmed up. Then screw the needle valve down 
very slowly until the engine begins to lose speed and backfire through the carburetor. 
Then open the needle valve one-eighth to one-fourth turn, and the engine should run 
smoothly. When the correct adjustment is scctxrcd, tighten binding nnt to keep 
needle valve from turning due to vibration. 

108. Marvel Model E Carburetor. — The Marvel Model E Carburetor, 
Fig. 98, is known as a double-nozzle type. At idling speed, all air must 
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Kin. 98. The Marvel imrbun'lor with exhauHt-hi^it jaek«*i. 

pass around the eontrally lo(‘at<H] primary fued nozzle wh(u*(^ the fuel is 
picked up and the mixtunj fornuuL As the (uigine speed is iiuTcased, 
the flat spring-(tontrol](Kl air valve is drawn open by the iiKTCiasod suc- 
tion, and some fuel is drawn from tlie high-spcual nozizle. The two 
mixtures, thus produced at hjgh speeds, combine to form the correct 
mixture that cntcu’s the cylinder. In regulating this carburetor, the 
needle valve is adjusted for low specKls; then the throttle is opened and 
the tension on the air valve is adjusted by means of a screw, 



FUEL-SUPPLY AND CARBURETION SYSTEMS 


107 


One of the distinct features of the Marvel carburetor is the hot-air 
jacket surrounding the mixing chamber, which permits the exhaust gases 
to heat the carburetor to a certain degree, depending upon the speed, 
load, and outside temperature. A tube leading from the exhaust mani- 
fold conducts a portion of the* exhaust gases to the carburetor. The 
heating effect is controlled by means of a damper, which is connected to 
the throttle butterfly control so that when the engine slows down, the 
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Fig. 99. — Sectional view of Stromborg Model M carburetor. 


damper opens and releases more heat; but when the speed or load increases 
with a greater throttle opening, the damper closes and partly shuts off the 
heat. Another adjustment permits further regulation of the heating 
effect according to weather conditions and quality of fuel. 

109. Stromberg Model M Carburetor. — The Stromberg carburetor 
(Fig. 99) is known as a plain-tube double-Venturi type, because the main 
air passage contains no air valve of any kind and is unrestricted except 
for the Venturi tubes. The fuel flows from the float chamber past the 
high-speed needle and assumes a similar level in the accelerating well. 
Referring to the illustration, at idling speeds the throttle butterfly is 
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practically closed. Air comes through the small Venturi, passes through 
the small opening controlled by the idling needle, picks up fuel from the 
idling tube, and the resulting mixture enters the main passage just above 
the edge of the throttle disk. As the latter is opened for increased speeds, 
the fuel is drawn from the accelerating well through a horizontal passage 
and numerous small holes in the small Venturi tube. A greater quantity 
of mixture is thus produced in the large Venturi and flows to the cylin- 
ders. The air bleeder is for the purpose of allowing a very small amount 
of air to mix with the fuel and create an emulsifying action as it leaves 
the accelerating well. 
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Fia. 100. — Schoblor Modol DLT carburetor. 


It is thus observed that the high-speed needle must be open more or 
less for both idling and high engine speeds, but is adjusted only for the 
latter. At low speeds the idling-adjustment needle controls the amount 
of air entering the mixture and, therefore, is turned outward to produce a 
leaner mixture and inward for a richer one. In adjusting this carburetor, 
the correct procedure is: (1) Open both needle valves about two turns. 
(2) Close the throttle and adjust the idling needle valve until the engine 
fires and operates smoothly. (3) Open the throttle so as to increase the 
engine speed and adjust the high-speed needle valve correctly. 

110. Schebler Model DLT. — Referring to Fig. 100, it will be seen 
that this carburetor does not have an air valve but is known as a plain- 
tube type. The mixture is controlled by two needle valves, one for 
high speeds and loads, and one for low speed. 

To adjust this carburetor, open the high-speed needle valve 1)4 turns 
and the low-speed needle valve two turns, turning both counterclockwise!. 
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Start the engine and warm it up. Then slow it down, partly retard the 
spark, and adjust the low-speed valve until the engine operates smoothly. 
Then speed up the engine, put it under load, and change the high-speed 
valve slightly, if necessary, until engine runs smoothly and gives its 
maximum power. 

111. Ensign Model D. — The Ensign Model D qarburetor (Fig. 101) 
differs somewhat in construction and operation from the usual types, in 
that the float chamber is located in the upper part of the device and the 
fuel is drawn downward through the suction tube before it enters the 
mixing chamber. The air in the centrifugal mixing chamber assumes a 



whirling action drawing the fuel from the suction tube through the small 
openings as shown. This centrifugal effect on the fuel is said to aid in 
atomizing and vaporizing it. 

The fuel supplied to the mixture is controlled by an adjustable sleeve 
attached to the knurled nut. Turning this sleeve in or downward reduce.s 
the fuel flow from the float chamber to the suction tube by closing up 
some small openings. This makes the mixture leaner. Turning this 
screw outward increases the fuel flow and makes the mixture richer. 
At very low or idling speeds, the mixture is adjusted by the idling adjust- 
ment screw. It controls the air rather than the fuel, however. There- 
fore, to make the mixture leaner, turn it out; and to enrich the idling 
mixture, screw it in. As a general rule, the high-speed adjustment 
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should be open from one to one and one-half turns and the low-speed 
screw one-half to one turn. 

112. Zenith Carburetor. — The Zenith carburetor (Figs. 102 and 103) 
is known as a compound-nozzle type. Fuel enters the float chamber 
through the screen and float valve and assumes a certain level as con- 
trolled by the float. The fuel flow from the main jet, which is directly 
connected with the fuel bowl, varies with the speed of the engine. In 



CAP JET' 


Fia. 102. "Bectioixal viow of Zenith Model 90 carburetor. 


fact th(^ main jet supplies an increasing amount of fu(d as the smdion 
iucrciases and the mixture; grows riciher. Its effect is most notic(;abl(! at 
high sp(i(!ds. The; fu(;l flow from the compensating j(t is constant 
regardl(;ss of suction or engine speed, as it empties into a W(;ll op(;n to tin; 
air. The cap jet connects with this well, discharging the fuel into the air 
stream. Since tin; compensator is very small, only a limitcid quantity of 
fuel issues from the cap jet, and the mixture produced by it grows poorer 
with increasing suction. But the excess flow from the main jet and the 
limited flow from the compensator and cap jet copibinc! to form a mixturt; 
of correct proportions. ' Thus the two nozzles work together to supply 
a proper mixture regardless of engine speed. 
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Idling is taken care of, independently of the jets previously mentioned, 
by means of a special idling jet and air control. Since the throttle 
butterfly is practically closed, suction at the main and compensating jets 
is cut off. The fuel is drawn from the compensating well, up through the 
idling jet, and passes into the main mixture passage through a small hole 
at the edge of the closed throttle. In other words, the idling jet operates 
only when the throttle is open barely a crack. A needle valve regulates 
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Fig. 103. — Zenith Model C6EV carburetor. 


the idling-air supply and therefore the idling mixture. Turning this 
valve clockwise shuts off the air, making the mixture richer. 

The idling needle valve is the only “quick” adjustment possible on 
the Zenith carburetor; that is, the adjustment is said to be of the fixed 
type. Usually this carburetor is properly fitted at the factory for use on a 
given engine. This consists of the selection of the correct size of Venturi, 
main jet, main-jet regulator, compensating jet, cap jet, and idling jet. 

113. Zenith Model C6EV. — This- carburetor- (Fig. 103) is a special, 
heavy-duty device for tractor, truck, and marine service. Since the dis- 
charge and supplemental jets are located concentrically with respect to 
the float chamber, this carburetor is better adapted to engines operating 
at pronounced angles. 



12 


FARM GAS ENGINES AND TRACTORS 



I’lo. 104, — Zenith fuel oconomizor aii<l uceclcrutinK niochanisiu. 
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Another feature is a special economizer and accelerating mechanism 
(Fig. 104) whose purpose is to supply instantly the necessarily richer 
mixture required for maximum power and proper acceleration. Its 
action is as follows: 

Under part throttle, the suction or vacuum above the throttle is higher than 
when the throttle is open. This suction holds up the economizer and accelerating 
piston assembly. The economizer valve is closed, thus shutting off fuel from the 
power and accelerating jet. 

When the throttle is opened, the suction falls and so does the piston. The piston 
pin hits the economizer valve, pushing it open, and an extra charge of fuel passes into 
the jet. This is the accelerating charge. 

If the throttle is held open, the piston will remain at the bottom holding the 
economizer valve open. This allows fuel to continue flowing through the power and 
accelerating jet. 

When the throttle is partly closed, the suction increases above it, the piston is 
drawn up to the top, the economizer valve closes, and only a very economical amount 
of fuel can be fed to the engine. 

114. Zenith Model K5 Carburetor. — ^The Zenith Model K5 carburetor 
(Fig. 105) was specially designed for tractors burning heavy fuels and is 
found on several makes. It operates on the compound-jet principle and 
has the float mechanism built around the main jet to provide satisfactory 
operation on grades. The fuel from both jets discharges into the air 
stream through a diffuser bar, which per- 
mits better atomization of heavy fuel. 

This carburetor is equipped with an econo- 
mizer device (Fig. 106) to provide closer 
mixture control at different loads. It 
operates as follows: 

The suction in the carburetor is transmitted 
through channel 1 but is not transmitted to the 
bowl because the notched collar around the throttle 
shaft closes the channel to the economizer jet 2. 

As the throttle is opened to a position of approxi- 
mately one-quarter load, the notched collar forms 
a channel between channel 1 and economizer jet 2, 
thus transmitting the suction from the carburetor Fig. 106. — Zenith Model KS car- 
to the top of the float chamber. This retards the buretor fuel economizer, 
flow of fuel to the jets. Opening the throttle to a 

wide-open position rotates the notched collar so that it closes channel 1. This 
eliminates suction on the bowl and permits a free flow of fuel to the jets. 

116. Downdraft Carburetors — I.H.C. Model A-10. — Downdraft car- 
buretors, in which the device is elevated somewhat above the engine 
block and attached to the intake manifold in such a manner that the 
mixture flows downward, are now used exclusively on automobile 
engines, but only to a limited extent on tractors. The advantages 
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claimed are (.1) gravity assists the mixture in its flow to the cylinder, 
therefore effecting a saving in energy; (2) in case of a “|[ooded” car- 
buretor or a leaky float, the liquid fuel runs directly into the manifold 
and not outside, thus lessening the fire hazard; and (3) the carburetor, 
being elevated, is usually more accessible and less exposed to dirt and 
dust. Figure 107 shows the construction of the downdraft carburetor 
used on the Farmall F-12 tractor. With the exception of the inverted 
construction, it is similar to other plain-tube carburetors with a single * 
Venturi and both idling and high-speed adjustments. 

116. Carburetion of Heavy Fuels. — As previously discussed, kerosene 
and distillate are not so volatile as gasoline; therefore they are more 



Fiu. 107. Purup-focHl fuel Hyntcim with downdraft carburetor for tractor. 


difficult to vaporiixf^ wIhoi lined an a gan-eugini^ fuel Th(^y can be ntili55ed 
succensfully under c(‘Ttain (Hinditionn m follown: 

1. The engine must operate at a uniform hp<hh 1 and unclear a nuMliuni to a h(‘avy 
load. 

2. Provinion munt be made for Btarting on gaHoline with Borneo convenient im^ans 
of changing over when the engine in wanned up. For t hin n^aHon t.he uh<^ of Hindi fuedn 
IB impractical if frequent Btarting and Htopping are necoBHary. 

3. A careful and preeJne adjuBtment of the fuel mix tuns In CHHentiaL 

4. Multiple-cylinder (‘nginoB having rnanifoldH of any length reHpure more or h^BB 
preheating of the air-and-fuel mixture. 

Obviously, the use of heavy fuels is confined largely to stationary, 
single-cylinder farm engines and farm tractors. These engines, when in 
operation, run at a more or less uniform speed and load and, when once 
started, usually continue running for several hours. On the other 
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haad, their use in an automobile would result in constant trouble and 
inconvenience. 

Even though a heavy-fuel-burning engine is operated continuously 
under uniform conditions, further provision for insuring complete vapori- 
zation and maximum efl&ciency is usually made by: 

1. Heating the air, fuel, or mixture by means of the exhaust gases. 

2. Controlling the cooling-water temperature according to weather and other 
operating conditions by means of a radiator shutter or curtain or a thermostatic 
valve. 

Vaporization by Heat . — The utilization of heat to insure complete 
vaporization of the fuel is how. a common practice in nearly all types of 



Fig. 108 . — Devices for heating the air before it enters the carburetor. 


engines burning either gasoline or kerosene. The heat of the exhaust 
gases, otherwise wasted, may be used to heat (1) the air entering the 
mixture, (2) the liquid fuel on its way to the carburetor, or (3) the mixture 
of air and partially vaporized fuel. 

To heat the air, a metal jacket of some kind (Fig. 108) is usually con- 
structed about the exhaust manifold or pipe at some point and connected 
to the air intake of the carburetor so that this air, as it is drawn into the 
latter, must pass through the hot jaoket and become heated. The fuel 
coming in contact with the hot air will thus take up some of this heat and 
vaporize more readily. 

Heating of the liquid fuel is seldom practiced. To accomplish this, 
the fuel line from the tank to the carburetor is connected to a coiled tube 
inclosed in a jacket about the exhaust manifold. The coil is thus kept 
at a high temperature and the fuel passing through it is heated and placed 
in a condition that insures its proper vaporization. 
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Fio, 110, — Intake manifold heater with heat-control device, 
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The application of exhaust heat to the fuel mixture, as it leaves the 
carburetor on its way to the cylinder, is perhaps the most common method 
of securing vaporization. The simplest arrangement consists merely of 
casting the intake and exhaust manifolds in one piece so that the iron 
wall separating the two passages becomes highly heated, and, in turn, 
heats and vaporizes the fuel. Figure 109 shows such an arrangement for 
a two-cylinder engine. The exhaust gases from both cylinders go out 
through the exhaust passages, which entirely surround the intake passage. 
The latter is thus kept at a high temperature. 

It is undesirable to apply more than just enough heat to completely 
vaporize the fuel. Excessive heating causes the gas mixture to expand 



in volume so that the cylinders do not receive the maximum fuel charge 
possible. Therefore, the maximum power output and efficiency are 
reduced. For this reason some preheating-type manifolds (Fig. 110) 
have dampers or shunt devices by which the heat applied to the mixture 
can be varied according to operating conditions. For example, in sum- 
mer less preheating is necessary and the path of part or all of the exhaust 
gases can be deflected away from the intake manifold. Again, if gasoline 
is used instead of kerosene, less preheating is required and the exhaust can 
be by-passed and its heating effect reduced. In cold weather, when more 
preheating is necessary, the damper can be set for maximum heating 
effect as shown in detail by Fig. 111. 

117. Carburetors for Heavy Fuels. — Heavy-fuel carburetors are con- 
structed and operate in practically the same way as gasoline carburetors. 
In fact, any engine that burns such fuels successfully will also burn gaso- 
line readily. Engines which are recommended to operate on gasoline only 
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will likewise burn -heavy fuels with the same carburetor, provided the load 
is fairly heavy and uniform, and the speed does not vary greatly. Any 
difference in the carburetors used on heavy-fuel engines will likely be due 
to the two provisions previously mentioned as being more or less essential 
to the successful carburetion of these fuels, namely, a moans of supplying 
heat for complete vaporization, and a water connection and control valve. 

118. Starting and Operation of Heavy-fuel-burning Engines.— A 
heavy-fuel-burning engine cannot be started easily on this fuel, even when 
warmed up or hot. In all cases some provision is made for starting on 
gasoline and then changing over either immediately or after running a 
few minutes. When the heavy fuel is first turned on, sonu^ gray-blue 
smoke may appear at the exhaust, but, when th(i engine receives the 
load and gets well warmed ui), the exhaust should be(‘,ome clear. Great 
care should be taken in adjusting tlie kerosene lUKHlki valve. A small 
fraction of a turn will often produce misfiring and loss of powen*. Water 
should be turned on only when knocking occurs, and this adjustment 
likewise should be carefully made. The idea is often ludd that such fuels 
produce more carbon deposit in an engine than gasoline. This is untrue, 
however, unless the engine is allowed to operate on too rich a mixture 
for some time. Under such conditions, lack of power and other diffi- 
culties would soon develop. For best results, the ignition meedmnism 
should function in the best possible manner at all times. 

119. IdUng-speed Adjustment. — All carbun^tors are (Kjuii)p(Kl with 
an adjusting screw on the throttle l)utterfly levc^r arm (B'ig. 100), for 
adjusting the idling specKl of the engine. This s(;rew, wlum corr(i^^tly 
set, prevents the throttle from closing c.ompl(‘i(dy, even though tlu^ hand 
lever is in full-closed position. It should be set so that the engim^ runs 
as slowly as possible without load and still fires evenly and does not stop. 
To make the adjustment, start the engine and adjust the carburetor 
carefully and as nearly correctly as possible for both low and high speeds. 
Then slow the engine down, and with a s(tcw driver turn thc^ hctcw in or 
out, as the case may be, until the desired idling spec^d is s(Huir(Hl with the 
hand lever in the closed position. 
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CHAPTER X 
Am fitEANERS 

Early tractors were not equippea with any means or device for supply- 
ing clean air to the carburetor, mainly because the machines were so 
large that the air intake was high enough to be out of the dust-laden-air 
zone. Then, too, little thought was given to the harmful effects of even a 
very small quantity of fine dust. With the introduction of the. smaller, 
light-weight tractors, it was soon discovered that, under most field 
conditions, enough dust and fine grit found its way into the cylinders 
through the carburetor to cause rather rapid wear. In fact, in some 
sections under certain conditions, enough damage could be done in even a 
day or two of operation to practically ruin the tractor. 

METHODS OF SUPPLYING CLEAN AIR 

Partial or complete elimination of engine troubles caused by foreign 
material entering the carburetor can be secured in the following ways: 

1. By a periscope or long metal tube extending above the dust level. 

2. By some form of air cleaner or filter. 

3. By a combined air-cleaner and elevated-intake opening. 

120. Elevated Air Intake. — The first idea of the manufacturers of 
small tractors was to attach a vertical tube to the carburetor air intake, 
extending it above the tractor far enough to obtain air that was com- 
paratively free from the dust and grit stirred up by the machine itself. 
It was soon found that this arrangement, though simple, failed to do the 
work. Some device was needed that would prevent the finest dust as 
weU as the more harmful coarse gritty material from getting into the 
engine. Then, too, these periscopes soon worked loose and fell off or 
were removed by the owner in order to permit the tractor being run under 
a shed. When once removed, they were seldom replaced, and the result- 
ing trouble was blamed upon the tractor and its maker. 

121. Air-cleaner Requirements. — ^The subject of air cleaners for 
tractors and trucks, and even for automobiles, has been given a great 
deal of study by research engineers and manufacturers. A number of 
reports of experimental work and experience with air cleaners have been 
published. These are listed at the end of the chapter, and the reader is 
referred to them for more complete information on the subject. 

Any type of air cleaner to give maximum satisfaction must fulfill the 
following requirements: 
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1. It must have high cleaning efficiency at all engine speeds and under all operating 
conditions. 

2. It should offer very little restriction to the air flow thus reducing the power 
or fuel economy, or interfere otherwise with the satisfactory operation of the engine. 

3. It should require very little or only infrequent attention. 

4. It should be compact, rigid, not too heavy, and rattleproof. 

A large number of different air-cleaning devices, embodying various 
principles and ideas, have ’been developed and used, but it cannot be said 
that any particular one meets all the requirements enumerated. Thus 

far it might be said that all air 
cleaners arc more or less a compro- 
mise between what it is d(^sired to 
accomplish and the nHiuinmients of' 
practical application to the engine. 

TYPES OF AIR CLEANERS 

Air cleaners TUjfiy be (dassified as 
follows : 

- 1. Dry typo. 

a, Filt(5r type. 

b. Iu(‘rtia type. 

2. Water 

3. Oil type. 

4. Combiinii-ion type. 

122. Filter "type Cleaners.- Th(' 
first tractor air (deamirs were of tlu^ 
dry filter type^ (Fig. 112), consist- 
ing essentially of a sh(‘(d/-m(^tal (dosed 
container with an air opening in the side or bottom and an outlc^t in th(‘ 
top connected to the carburetor air intake. A filt(n’ing (demumt, (‘onsist- 
ing of one or more laycus of felt, eider-down cloth, wool, or similar fibrous 
material, was placed in the bottom of the (dcMim^r and colhxd/ed thc^ 
dust as the air passed through. This type of filtc'r soon provcxl unsatis- 
factory for several reasons. If it was dense or hc^avy emough to (‘atcdi 
most of the dust, it offered too great restriction to tlu^ air flow. Also, 
it soon became clogged and required freciucmt (d(‘aning or nmcwal atid 
frequently got out of place owing to backfiring. 

123. Inertia-type Cleaners.— The operation of the inertia-type^ air 
cleaner is based upon the same priuciplo as thci well-known centrifugal 
cream separator, namely, that if a liquid or a solid mixture of varying 
specific gravity is whirled violently, the heavier particles or portions will 
be thrown to the outside. Therefore, if the dust-laden air, on its way 
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to the carburetor, is first made to assume a violent whirling action, the 
dust, grit, and other solid particles, being heavier, will be thrown to 
the outside and deposited or carried away, leaving the clean air to 
enter the carburetor at a small, central opening. 



Fig. 113. — Dry, inertia-type air cleaner. 


A simple inertia-type cleaner is illustrated by Fig. 113. It consists 
merely of a cylindrical sheet-metal device with louvered slots in the end 
where the air enters. The air, as it strikes the louvers, is given a whirling 
action that throws the dust to the out- 
side. Since the smaller carburetor 
opening is attached in the center of 
the larger cleaner body, only the clean 
dust-free air in the center of the whirl- 
ing mass enters the carburetor. The 
dust particles are discharged through 
a slotted opening in the lower part of 1 
the cleaner as shown. . 

Figure 114 illustrates another 
cleaner similar to the one just de- ^ 
scribed, except that it is equipped with 
a small fan, which is rotated by the air 
stream. Attached to this fan and 
driven by it is a larger cone-shaped 
disk bearing some radial vanes. The ^ \ 

air, as it enters the cleaner, is whirled, ii4.~inertia-type air cleaner with 

and the dust particles are thrown to revolving fan. 

the outside by the vanes. 

Inertia and other dry types of air cleaners are not considered efficient 
and satisfactory for tractors, because the latter are usually operated under 
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very dusty conditions. The inertia cleaners offer little restriction to the 
air flow and therefore cannot affect the engine operation. They are also 
convenient in that they seldom require attention. However, in a farm 
tractor, the primary consideration is reliable and complete dust separa- 
tion, and inertia cleaners are not so dependable in this respect as other 
types. 

124. Water-type Air Cleaners. — Figure 115 shows the construction 
and operation of the water air cleaner or air washer. The device con- 
sists of three principal parts: the body or bowl, the float, and central 
air-intake tube. The float includes an inverted tube that fits over the 
outside of the air-intake passage. 



AIR OUTUET TO 
CARBURETOR 


FILLER CAP 


SPLA*0H PLATE 


«ASKt„r 

DRAIN plug*— 


Fig. 116.**^Wator-type air cloanor or air washer. (Cotirteny of Ford i\!otor (Umipany.) 

Air enters the intake tube through an outside opening and pasHOS 
upward through the upper end, where it meets the closed float tube 
and must turn and go downward between the two tubes. Since tlie 
open end of the float tube is submerged in water, the air must pass 
through the water as shown, before it can roach the upper part of the 
chamber and enter the outlet connection. The mter takes up the 
dust and foreign matter that settles to the bottom of the chamber. 
This material must be removed periodically. Deflector or baffle plates 
in the upper part of the cleaner body assist in preventing water or dirt 
particles being taken into the engine. If the water level becomes too low, 
the float drops down until the float tube covers the air intake and chokes 
down the engine. 

Water air cleaners have never been used extensively on tractors and 
are being superseded by the oil and combination-type cleaners for the 
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following reasons: (1) they do not necessarily remove all the dust and 
dirt; (2) they require too frequent cleaning and replacement of the water, 
owing to a certain amount being taken up by the air and going into the 
engine; (3) there is considerable air-flow restriction and variation with 
the change in water level; (4) the metal 
parts corrode and leak or break; and 
(5) there is danger of freezing in cold 
weather. 

126. Oil-type Air Cleaners.— Air 

Alters and cleaners using oil as the 
dust-collecting medium have come into 
marked favor for tractor use in recent 
years. The cleaner shown in Fig. 116 
consists essentially of two parts: the 
upper body and the lower oil cup, which 
fits tightly and is clamped to the body. 

This cup is kept about half filled with 
a light-grade oil or thin, drained crank- 
case oil. 

The dust-laden air enters the so- 
called vortex chamber through a hori- 
zontal tangential inlet, which gives it 
a whirling movement as shown. Oil is 
picked up by the air and a certain 
amount carried with it into the upper 
part of the cleaner, which contains a 
wire filtering material similar to steel wool. This filter, therefore, 
becomes saturated with oil and takes up the dust particles from the air 
passing through. The excess oil, dropping or running back into the 
lower cup, carries much of the dirt with it. The heavier particles 
are largely taken up by the oil before they enter the wire filter. 
A definite compact layer of sediment eventually forms in the bottom 
of the oil reservoir. It is recommended that this sediment be removed 
when the reservoir becomes one-fourth full or when the oil gets too 
thick with suspended dust particles to spray readily. At the same 
time fresh oil should be put in to the proper level. The frequency 
of cleaning will depend on how much the tractor is used and the dust 
conditions. It is claimed that with continued operation under very 
dusty conditions the air-flow restriction does not vary materially with 
this cleaner because the wire filter is being continually washed and 
relieved of the dirt. 

The oil-type cleaner shown in Fig. 117 operates in a similar manner 
except that the air enters at the top and is drawn directly downward 



Fig. 116 . — Oil-type air cleaner. 
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through a central tube. When the air reaches the lower end of this tube 
it conies in contact with the oil surface. At the same time its direction 
of flow is reversed and it passes upward through the filter, which consists 
of a number of circular sections of fine-wire screen. This filter, having 
become saturated with oil, readily takes up the dust, which finally works 

its way down into the oil container. These 
sections are removable for cleaning when 
necessary. 

Another oil-type air cleaner (Fig. 118) 
consists of an outer hollow cylindrical metal 
shell and an inner cylindrical core having a 
thick fibrous wall. This core is the filtering 
element. The vegetable fiber is saturated 
with oil. Air enters the outer shell, passes 
through the core wall or filter, and into the 
carburetor. The oily fiber, therefore;, acts 
as a strainer and retains thci dust and dirt 


Fia. 117. — OiHypo aircloanor 
with romovablo wire filter bcc- 
tions. 

particl(!H. In order to eliminate clogging and air-flow restriction, the; filter 
core must b(i removed at least onc.(‘ daily, wasluMl with (dc'an gasoline or 
kerosenui, saturatesd with light lubricating or cranktfaso oil, and replaccid. 
Under unusually dusty conditions this should be done twice a day. 

The Massoy-Harris air cleaner (Fig. 119) opcirates in a somewhat 
different manner. The air enters at a top opeming, passcss downward 
through a narrow passage, around the end of a vertical partition, and then 
upward again and through the filter chamber filhid with oily steel fiber. 
Near the lower end of the vertical plate is a small orifice from which oil is 
picksd up, being fed from the oil chamber in the bottom of the cleaner. 



Pm. 118 .' --()il-fiU.or-t.yi)() 

doanor. 
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The clean air, after leaving the filter, goes on to the carburetor as shown 
by the broken arrows. The oil collecting on the fine-wire filter retains 
the dust and eventually drops back into the lower chamber, as shown by 
the solid arrows. Provisions are made for cleaning the sediment out 
of the chamber and renewing the oil as frequently as necessary. The 
filter, likewise, must be periodically washed with gasoline or kerosene. 

The principal objections to the oil-type cleaner are (1) possible varia- 
tion and restriction of air flow as dust is taken up and (2) more or less 
frequent cleaning and attention. Neither of these is serious, however, 
and each is largely offset by the high cleaning efficiency. 



Fig. 119. — Oil-type air cleaner used on the Massey-Harris tractor. 

126. Combination Cleaners. — number of tractors are now equipped 
with so-called two-stage cleaners. For example. Fig. 120 shows an 
inertia-type cleaner combined with an oil filter. The first one separates 
out a large portion of the coarser dust and other material, leaving the 
second to take up the finer dust. Such an arrangement insures practi- 
cally perfect cleaning of the air and also means less air-flow restriction 
and less frequent cleaning and attention. 

Even where only a single cleaner is used, the air intake is usually 
extended considerably above the tractor, as shown by Fig. 121, in order 
to relieve the cleaner to a certain extent. 

127. Breather Cleaners. — ^Any engine, such as a tractor motor with 
an enclosed crankcase, must have a breather opening and cap to permit 
the unequal pressure in the crankcase caused by the pumping effect of 
the pistons, to be balanced by the outside atmospheric pressure, The 
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air drawn in by this action obviously carries considerable dust and dirt 
with it, which, when taken up by the lubricating oil, eventually causes 
considerable wear. This trouble is prevented by using a special breather 

cap containing filtering material such as 
steel wool, or by connecting the breather 
opening to a special filter as shown by 
I Fig. 319. 


Fio. 120. — Combination inertia- and 
oil-typo olcanor. 

HOW TO GET BEST RESULTS FROM AIR CLEANERS 

Hoffman,* as a result of cxtcinsive studios aiul tests, offers the following 
advice, and information coiKHirning air cleaners: 

128. No Leaky Connections. — No leaky connootimi should be permitted 
between air cleaner and carburetor or )>etweon jmrts of tlio air cleaner itself. A 
loosely fitting slip joint or an ordinary flexible metal tul>e is almost sure to admit 
some air and a great deal of dust. A piece of radiator hose, iitting tightly over 
the tubes to be connected, is very satisfactory if the connectioin is short. Ordi- 
nary friction tape is a very satisfactory emergency material for stopping air 
leaks. Filters, whether of cloth or fiber, (iannot be effici(!nt if tluiy have holes in 
them. The dusty air will go in largest (piantity by the path of least resistance. 

129. Breather Pipe Should Have Clean Air.— -A special cleaner may be used 
or connection may be made to the carburetor air cleaner. If cloan air is not 
provided, the breather pipe itself acts as an oil-typo air cleaner taking in breaths of 
dusty air, collecting the dust and sand on the oily walls, then blowing out puffs of 
clean air. When dust goes in through the carburiitor there is a chance that some 

i And t.bA Trihitfirtr EriffinA. dalif. Rxm. Siti.. Bull. 362. 
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of it may escape through, the exhaust. Not so with dust on the walls of the 
breather pipe. It remains until the oil washes it down into the crank case. 
When it is not feasible to connect the breather to the air cleaner, a small bag of 
eider-down blanketing or cotton flannel, lint side out, may be tied over the 
breather pipe. 

130. Place Air Intake High. — ^Except in* orchard work it is usually possible 
•to use a periscope or high vertical extension for the air intake. The advantages 
are that the quantity of dust to be removed by the air cleaner is greatly reduced 
and that the coarser dust is avoided. Some air cleaners are regularly furnished 
with a jointed periscope. Part or all of it should be used whenever feasible. 
If a periscope is provided, it should be smooth inside and free from sharp turns. 
The inside diameter should be amply large (not less and preferably more than 2 
in. for a 10-”20 tractor), or the vacuum effect will be unnecessarily increased. 

131. Give Needed Attention. — ^There is not on the market, so far as the writer 
is aware, any air cleaner that can be put on a tractor or automobile engine and 
forgotten, and yet, month after month, give adequate protection against dust. 
All require some attention and have their own peculiar troubles. Those with 
moving parts have troubles due to wear and to accumulation of dust and oil. 
Thus the float in some water-type cleaners may have holes worn which would 
permit dusty air to pass without going through water. Centrifugal types may 
become so encrusted with oil and dust that their action may almost entirely cease. 
Cleaners having small passages inside may clog up solid. Other kinds may so 
increase their vacuum effect due to accumulation of dust that the power of the 
engine may be greatly reduced. Nearly every air cleaner has its plate giving the 
manufacturer’s directions for the care required. Some tractor operators may be 
able to improve upon these directions, but none may safely neglect them. 

132. A Simple Efflciency Test for Air Cleaners. — Not what the air cleaner 
catches, but what it lets go by does the mischief in a tractor engine. Whether 
any appreciable amount of dust gets past an air cleaner may usually be known by 
disconnecting the air cleaner from the carburetor and wiping out the inside of 
the connecting tube. If, after a 10-hr. run under dusty conditions, only a 
trace of dust can be wiped out, the cleaner has probably done a flrst-rate job. 
The test may fail, if, as might possibly happen, so much water or oil should go 
over from the cleaner that the tube would be kept washed out. 
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CHAPTER XI 

COOLING AND COOLING SYSTEMS 

IK 

The temperature produced in the cylinder of a gas engine, at the 
instant the explosion takes place, varies from 2000 to 3000°F. In other 
words, there is an excess quantity of heat liberated that must be taken 
away rapidly.. It is estimated that about onevthird of this heat escapes 
through the cylinder wall. Consequently, the (jylinder bcicomes very 
hot, particularly at the head and around the exhaust valve, and some 
means of conducting away the heat is m^ciessary. If an engine were not 
equipped with some means of cooling, at least three troubles would arise 
as follows: 

1. The piston and cylinder would expand to such an extent that the, forirHir would 
seize in the cylinder, injuring the latter and stopping 1,lu! (ingiiu^. 

2. The lubricating qualities of the oil supplied to tlui (lylinder and piston walls 
would be destroyed by the high teinpcratures existing. 

3. Preignition of the fuel mixtures would take plac-e, result ing in knocking and loss 
of power. 

All internal-combustion engintts must operate at a cctrtain ttimperature 
to produce the Ixtst results and seldom give tlu' greatt'st effitdeiiey unless 
the temperature) arotmd the cylinder varies from 160 to 2()0°E. There- 
fore, a cooling system that permits an excessive absorption of heat, 
resulting in a low operating bmiperature, is undesirable and indicates 
improptT design. 

The following is a classification of the eommon methods and systems 
of engine cooling: 

1. Air. 

2. Liquid. 

а. Open jacket or hopper. 

б. Thermosiphon. 

c. Forced circulation. 

3. Oombinafiion of Air and Liquid. 

132a. Air Cooling. — Cooling by air alone is not used extensively btit is 
satisfactory for certain types of engines and under certain conditions. 
The cooling effect is produced usually by moans of fins or proj(H!tions on 
the walls of the cylinder as shown in Fig. 43. These fins may be placed 
transversely or longitudinally with respect to the cylinder, depending 
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upon the use of the engine and the direction of the air flow past the 
cylinder. Such an arrangement of fins increases the radiating surface, 
and therefore the heat escapes faster than it would otherwise. Figure 122 
illustrates an engine that has the cyl- 
inder and crankcase inclosed in a 
sheet-metal housing and the flywheel 
equipped with blades so that it will 
create a suction of air down through 
the cylinder, thus producing a greater 
cooling effect. 

Air-cooled engines are usually of 
small bore and stroke, that is, they 
have small cylinders. Multiple-cylin- 
der air-cooled engines have the cyl- 
inders cast individually rather than 
in pairs or in one block, so that the 
maximum cooling effect will be ob- 
tained. Common, examples of air- 
cooled engines are those used in 
motorcycles and some small farm-light- 
ing plants. A few automobile engines 
and certain types of airplane engines are likewise cooled by air. An air- 
cooled engine has the following advantages : 

1. It is light in weight. 

2. It is simpler in construction. 

3. It is more convenient and less troublesome. 

4. There is no danger of freezing in cold weather. 

The principal disadvantage of air cooling is that it is difficult to main- 
tain proper cooling under all conditions, and it is almost impossible to 
control the cylinder temperature. Air-cooled engines usually run a little 
hotter than water-cooled engines and require the use of heavier lubricating 
oil. 

133. Cooling by Liquid. — Cooling systems using liquids, usually 
water, are used for all types of engines from the simple stationary farm 
engine to the most complicated multiple-cylinder high-speed types. 

Water might be termed the universal cooling liquid for tractors, as well 
as for trucks and automobiles. It has certain important advantages, 
among which are the following: 

1. It is plentiful and readily available nearly everywhere. 

2. It absorbs heat well. 

3. It circulates freely at all temperatures between the freezing and boiling points. 

4. It is neither dangerous, harmful, nor disagreeable to use or handle. 



Fig. 122. — An air-cooled engine using 
the flywheel to produce circulation. 
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The principal disadvantages of water for cooling are: 

1. It has a high freezing point. 

2. It may cause excessive corrosion of the radiator and certain metal parts of the 
engine. Clean, pure water such as rain water gives the best results. 

3. It may cause troublesome deposits in the cylinder jackets. 

4. Evaporation and boiling require frequent replenishing. 

, 134. Oil for Cooling. — Oil instead of water has been used as the cooling 

liquid in some instances. The oil recommended is a crude oil product 
that is dark in color and comparatively thin. It should be a nonfreezing 
oil that has a minimum boiling temperature of about 400°F. Zero Black, 
Winter Black, Polar, and Arctic Ice Machine Oil are trade names of such 
oils. 

The advantages of oil for cooling are: 

1. It does not freeze in cold weather. 

2. It is noncorrosive and does not injure the tank, radiator, and cylinder jacket 
in any way. 

3. It evaporates slowly, requiring less attention. 

4. It maintains a more uniform cylinder tcmpcratxirc. 

The disadvantages of oil are: 

1. It is not always available when needcHl. 

2. Great care must bo exercised in guarding against possible leakage because a 
leak would create a fire risk. 

3. It destroys rubbcr-hoso connections. 

4. It may produce objectionable fumes and odors. 

5. Its heat-absorbing capacity is low; therefore, larg(ir (*,ooling spacer, ra,diator, 
and connections and more liquid are necessary to maintain the same temp(^rature. 

Kerosene is HometimcH used as a cooling medium, enpeudally in auto- 
mobiles in cold weather, but it has the disadvantagti of destroying nibber- 
hose connections and thereby creating leakag() and danger of iim. It 
likewise absorbs the heat more slowly than water and may causes the 
engine to overheat. 


LIQUID COOLING SYSTEMS 

136. Open-jacket or Hopper Cooling.— The simplest systcun of li(iiiid 
cooling, known as the open-jacket or hopper system (Fig. 123), consists 
.of a hollow space around the cylinder and cylinder head, known as th(i 
water jacket, and a cast-iron reservoir, usually cast with tlic cylinder and 
opening directly into this jacket. Such an arrangennent is simple and 
convenient but is not adapted to portable engines bc^causc the cooling 
is dependent upon the heat taken up by the water as it (evaporates and 
escapes from the hopper in the form of steam; therefore, if an automobile 
or tractor engine, for example, were equipped with this system, the water 
would naturally be thrown and splashed about. Another disadvantage 
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is that more liquid is required. Consequently, the weight of the engine 
is greater. It is found only on stationary single-cylinder farm-type 
engines. 



Fig. 123. — The open-jacket or hopper system of cooling. {Courtesy of Standard Oil Com- 
pany [Indiana^,) 

136. Thermosiphon System. — The thermosiphon system of liquid 
cooling includes, in addition to the water jacket about the cylinder, a 
separate tank or reservoir connected at the top and bottom by a pipe 



Fig. 124. — The thermosiphon system of cooling. {Courtesy of Standard Oil Compayiy 

[Indiana].) 

leading to the upper and lower parts of the cylinder, respectively. In 
tractors, this tank or reservoir is replaced by what is known as the 
radiator, this being nothing more than a tank made up of many fine 
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passages through which the water flows and cools more rapidly than if 
held in one solid mass. 

Figure 124 illustrates the construction and operation of this system. 
The operation is based upon the fact that, when water or any other liquid 
is heated, it expands and its weight per unit volume decreases; that is, 
the temperature of the water in the cylinder jacket increases as the engine 
warms up, and, therefore, the liquid expands and decreases in specific 
gravity and rises, being pushed out by the heavier cold water coming in 
from the reservoir throiigh the lower pipe. A slow but continuous 
circulation is thus started and continues as long as the engine runs, the 



water passing upward through the upper pipe into tl^(^ tank and recnitf'ring 
the cylinder from the tank by means of the lowcir comuiction. HiiuH; the 
circulation is somewhat slow or sluggish, large radiator connections and a 
slightly greater amount of liquid are necessary. 

137. Forced-circulation System. — The forced-circulation systciin 
resembles the thermosiphon system with the exception that some sort of a 
pump is placed in the lower pipe leading to the cylinder, as shown by 
Fig. 125. This pump, usually of the centrifugal type, forces the water 
through the cylinder jacket and around to the reservoir, causing a more^ 
rapid circulation than that produced by the thermosii)bon system. Tlu' 
advantage, therefore, of this system is that, since the water is circulated 
more rapidly, it is cooled faster, and less liquid is required to produce the 
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same cooling effect. Another advantage is that, since the cirQulation is 
dependent upon the speed of the pump and therefore upon the speed of 
the engine, a more uniform temperature is apt to be maintained at all 
engine speeds and loads. The principal objections to the forced-circu- 
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Fig. 126. — Water-circulating pump showing construction and parts. 



Fig. 127. — Cooling system used on the Oil Pull Tractor. 


iation cooling system are the greater number of connections and the 
occasional leaking of the pump. 

Occasional leaking, where the drive shaft enters the pump body, can 
always be expected in a centrifugal pump. This is usually overcome by 
tightening the packing nut or by repacking. In time, however, some 
difficulty may be encountered in stopping these leaks because of the 
shaft becoming rough due to corrosion. 
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138. Combined Air and Liquid Cooling. — The combination air and 
liquid cooling system is like that found in the automobile. A fan driven 
at high speed draws the air through the radiator, cooling the liquid 
rapidly, and also sends a blast of air past the cylinders driving the heat 
away from the engine. 

139. Oil Cooling System. — cooling system using oil is shown in 
Fig. 127. The radiator is specially constructed and differs materially 

from the usual type. It consists 
essentially of a number of thin, 
flat, rectangular shect-metal sec- 
tions, arranged vertically and con- 
nected together at the top and 
bottom by means of leak-proof 
fittings so that there is a vertical 
air space between the sections. A 
single H(H!tion is made of two pieces 
of sluiot metal, stamped out and 
put together with all four edges 
sealed. The complete s(H^tion as- 
j ' .sembly is shown by Fig. 1 27. The 
% Iiot oil from tlio ongino (ntorn the 

radiator from the upper pipe (‘.ou- 
ncKition. Ah it pasHOH nlowly dowii- 
ward through tlu^ zig/aggcHi Hoction 
it gives tip mu(*h of its heat, 
because^ both outc^r surfaces of eacsh 
s(Kd4on an^ exposcul to tlie air. By 
IfH'Sc reached the 

KtttW'WttOnOM lower pipe, it is sufficiently cooled 

conducted back around f,he 
cylinder jacket and again take up 
BOTroni’ft«H the heat. Circulation is produc(^(l 

fD«rm»Aw 1 i -/» 1 1 

.oo rn X rx XX* by a centrifugal pump as shown. 

Fig. 128.— Tractor radiator construction ^ j 

and parts. ' 1 0 mnurc the mairitenanc-o of a 

more nearly uniform cylinder tem- 
perature at any and all loads, the cxhaust-diHchargc opening is placed 
directly above the radiator and is inclosed in the outer radiator housing, 
which terminates in a sort of exhaust or smokestack as shown. The 
exhaust outlet is in the form of a spiderlike device that spreads the 
exhaust out over a greater area and also makes it discliarge vertically 
into the stack. Thus, the firing of the engine produces a suction or draft 
up through the radiator sections which increases the cooling effect. 
Furthermore, when the load is light, this suction will be weaker and the 
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Fig. 128.— Tractor radiator construction 
and iiarts. 
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cooling effect less. With a heavy load, the exhaust will be very strong, 
the suction will be more intense, and the cooling action more pronounced. 
The effect, therefore, is to maintain the same cooling-liquid temperature 
at all engine loads. 

140. Radiator Construction. — Water-cooled tractor engines are 
equipped with the conventional auto- or truck-type radiator (Fig. 128), 
consisting of the core, an upper and a 
lower reservoir, and the side members 
or frame pieces. Since tractors are 
subjected to considerable jarring and 
vibration, and surplus weight is of 
little consequence, the reservoirs and 
frame parts are made of cast iron 
rather than sheet met^L 

There are two general types of radiator cores, the tubular type with 
fins (Fig. 129) and the cellular or honeycomb type (Fig. 130). The former 
seems to predominate probably because of the lower manufacturing cost. 
The tubes are either round as in Fig. 129, or flat (Fig. 131). Horizontal, 
thin, metal fins fastened to the tubes increase the rate of heat radiation. 
The cellular radiator produces very effective cooling, but this does not 
offset its higher manufacturing cost. 



Fig. 129. — Tubular radiator construction, 


w 


Fig. 130. — Cellular-type radiator con- 
struction. 



Fig. 131. — Flat-tube type of 
radiator construction. 


141. Circulating Pumps. — Engines equipped with the forced-circula- 
tion system of cooling use a centrifugal-type pump (Fig. 126) to produce 
this circulation. Such a pump consists of a cast-iron body, the rotating 
member or impeller with its curved blades, the drive shaft, and the 
packing nut or gland and packing. The water enters the body near the 
center and is discharged at a tangential opening by the centrifugal action 
of the impeller. 

The pump may be located between the lower radiator connection 
and the cylinder block as in Fig. 125, or directly behind the fan (Fig. 
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132). In the first case, it is driven by a separate shaft as shown; in the 
second, it is driven directly by the fan shaft and drive. 

142. Fans and Fan Drives. — The cooling fan in all tractors is located 
just behind the radiator (Fig. 133). It does its work by drawing the 
air through the radiator at a high velocity and by maintaining rapid 
movement of the air around the engine. This action obviously takes 
the heat away very rapidly. 



Fig, 132. — Wator pump and fan on Fio. 133.— Ecoontrin dovido for tighten- 

saiuo shaft. ing fan bolt. {(JmiHmy of Ford Molar 

Company.) 


Fans may have two, four, or six blades, depending upon the size of 
the engine and the fan spe(^d. The shcet-m(d,al housing attachcnl to the 
rear of the radiator and partly surrounding tlui fan is known as the fan 
shroud. 

Some typical fan mountings arc shown in Figs. 134 and 136. It 
will be noted that antifricstion bearings are used in all cases, bceiause they 
are more durable, easier to lubricate, and give little power loss. 

Two tyi)es of fan drives arc found in tractors, nam(dy, belt (Fig. 
133) and gear (Fig. 135). The belt drive with either a flat belt or a 
V-bclt is probably the more used of the two. Some provision must be 
made for tightening the bolt as shown by Figs. 133 and 134. The gear- 
driven fan requires practically no attention except lubrication and 
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cannot, fail to operate at regular speed unless the gear becomes loose, 
which is not likely to occur. 



Fig. 134. — Belt-driven fan with, tapered roller bearings. 



Fig. 135. — G'ear-driven fan with tapered roller bearings. 

Some fans are not attached rigidly to the drive shaft but are driven 
from this shaft through a simple friction-clutch device, as shown in 
Fig. 135. A heavy spring maintains the proper tension, which can be 
adjusted if necessary. The purpose of this device is to overcome the 
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wear and loosening tendency owing to shocks when the engine starts 
and stops. Since a fan has a relatively high speed, the sudden starting 
or stopping of the engine subjects the fan to a rather sudden jerk which 
naight gradually loosen a rigid, keyed connection. 

143. Engine-heat Control.— Since tractors are operated under a 
great variety of weather and load conditions, naost de.signers provide 
some means of control by which a fairly uniform engine-operating 
temperature may be maintained regardless of the varying factors men- 
tioned. The best operating temperature is between 170 and 190°P. 
If the cooling liquid can be maintained within this temperature range 
at light as well as heavy loads, or in cold as well as warm weather, better 
engine performance will be secured. 



Fici. 136. — Hoat-control valve in upper Fio. . 137. — lladiiitor curtain fur con- 
radiator fionnofition. trolling engine temperature. 


One such method of heat control is shown by Fig. 136. When the 
engine is cold the thermostatic valve in the upper radiator connection is 
contracted and the passage closed so that no circulation takes place. 
When the liquid gets hot enough, the copper bellows expands and opens 
the valve, and circulation begins. As long as the engine is operating 
at the proper temperature, the valve remains open. Should the temper- 
ature start to drop, the valve closes enough to restrict the circulation and 
thereby prevents any appreciable temperature change. 

Another heat-control device consists of an adjustable canvas curtain 
attached to the front of the radiator (Fig. 137). This curtain can be 
placed at different heights so as to cover a certain portion of the radiator 
depending upon the conditions. At very light loads or in cold weather 
about one-half to three-fourths of the radiator could be covered. In 
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medium-cool weather it should be covered about one-third, and so on. 
Observation and experience will best indicate the setting of the curtain. 

Some tractor radiators are covered with a wire screen for preventing 
grass, weeds, leaves, and similar material from clogging the radiator and 
interfering with its operation. Occasional cleaning of the screen is 
usually necessary but this is easier than cleaning the radiator passages. 

144. Antifreezing Cooling Mixtures. — In certain sections, where 
freezing temperatures exist for several days or even months at a time, it 
is often advantageous to replace the water in a cooling system with some 
solution that will not freeze readily. Freezing of the cooling solution 
usually results in one or more troubles as follows: 

1. It may crack the cylinder head or block and produce either an internal or an 
external leak. 

2. It may weaken the radiator and connections or create a leak in these parts, which 
is often diflScult to repair. 

3. Freezing at a certain point in the cooling system during operation of the engine 
may interfere with the proper circulation of the cooling liquid and permit the engine 
to run too hot. 

A number of liquid materials, used either alone or mixed with water, 
can be utilized to prevent these troubles. Only a very few, however, 
meet the usual requirements of a satisfactory antifreeze solution which 
are as follows:^ 

1. The ingredients used should be easily obtainable in operating localities. 

2. The possibility of freezing should be negligible. 

3. The solution should not be injurious to either the engine or the radiator through 
corrosion or electrolytic action, or to rubber-hose connections. 

4. It should not lose its nonfreezing and noncongealing properties after con- 
tinued use. 

5. The possibility of fire hazard should be a minimum. 

6. The boiling point of the solution should not differ materially from that of water. 

7. The viscosity should be as constant as possible through the entire temperature 
range involved, and the solution should remain perfectly fluid and not tend to stop up 
any small openings in the system. 

8. It should be able to conduct heat away as rapidly as possible. 

As previously mentioned, an oil, such as kerosene, might be used but 
is not recommended for the reasons stated. A solution of calcium 
chloride and water, usually about lb. of calcium chloride to 1 gal. 
of water, will not freeze except at very low temperatures; but unless the 
calcium chloride is pure, it may cause excessive corrosion or deposits 
on the inside of the cylinder jacket and water tank or radiator. 

A mixture of denatured alcohol and water is one of the best antir 
freezing solutions. It has no destructive action of any kind and is not 

^Lubrication, Vol. 13, No. 11, publ. by The Texas Company, New York. 
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dangerous. Its principal disadvantages are that it has a low boiling 
point and the alcohol evaporates rather rapidly and must be replenished 
frequently. The mixture used depends upon how low the temperature 
may go. Under some conditions a solution of 60 per cent alcohol and 
40 per cent water by volume may be necessary; but ordinarily a solution 
containing 40 per cent alcohol and 60 per cent water by volume will 
not freeze at 0°F. or above. In replacing evaporation, more alcohol 
than water must be replaced because the alcohol evaporates faster. 

Antifreezing solutions containing glycerine are rapidly coming into 
favor. The first cost of the glycerine is greater than that of alcohol 
and other materials, but since there is little or no evaporation the total 
cost over a long period may be even less. If the pure 95 per cent glycerine 
is used, it should be mixed with water to form a 50 i)er (!ont mixture by 
volume. A special radiator glycerine, produced by certain manufaciturors 
and marketed under various trade names, is likewise proving satisfactory. 
This product is usually about 60 per cent glycerine by weight. Therefore^, 
it is recommended that 3 to 4 parts by volume be mixed with 1 jtart of 
water. 

Table IX gives some ready information c.onc.erning the most common 
antifreezing solutions and tludr fre<izing points. 


Tabm IX. — ANTirKKnziNO Mix'nritEH voii Tkmi>khatubek Down to 


Material 

Quality, 
per cciiit 

(Quantity, per 
gallon of 
water 

Kp. gr. of 
mixture 
at 00°1''. 

Boiling point 
of inixiun', 
dc^grechs 
Fahrenh(‘ii 

Denatured alcohol 

90 (by voL) 

2 . 5 qt. 

0.958 

187 

Wood alcohol 

97 (by voL) 

1.0 qt. 

0.966 

185 

Pure glycerine 

95 (by wt.) 

2.7 qt. 

XJ12 

221 

Radiator glycerine 

60 (by wt.) 

S.-^qt. 

1.112 

221 

Ethylene glycol 

95 0)y wt.) 

1.9 qt. 

1.048 

219 

(Calcium chloride 

75 

3.01b. 

1.178 

221 

Honey 


8.5 qt. 

1.296 

225 


I Journal S.A.JS!., Vol. 19, No. 1, p. 00. 


kor a tornjKiraturo of — 20°F., add tho following (luantiUcH ixw gallon of water: 


Antifreezing mixture (iuarts 

Denatured alcohol -1 . 5 

Wood alcohol 2.7 

Pure glycerine .I.O 

Ethylene glycol . 3 


146. Miscellaneous Considerations. — In siilooting an engine from 
the standpoint of the cooling system, consideration should he givini to the 
purpose for which the engine is to lie used, the type of (‘ngine, and th(! 
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construction of the cooling system itself. A stationary farm gas engine 
or tractor, which usually operates for long periods of time under heavy 
loads, should be equipped with a system, that will give efficient and 
thorough cooling at all times. Where high speed and light weight are 
necessary, an air-cooling system may prove satisfactory. In the selec- 
tion of the systeni itself, observation should be made of the cooling space 
provided around the valves, and there should be a good drain at one or 
more of the lowest points of the system so that the liquid can be drained 
out readily when necessary. 



CHAPTER XII 


GOVERNING AND GOVERNING SYSTEMS 

Nearly all stationary farm machines, such as threshers, ensilage 
cutters, feed mills, and so on, must operate at a certain uniform speed. 
The power-supplying device must, therefore, maintain this speed whether 
the machine is running empty or at its maximum capacity. In other 
words, it must instantly adjust its power output to the power required, 
at the same time maintaining uniform speed. For this reason, the 
stationary farm gas engine or farm tractor, when used for belt work 
particularly, must be equipped with a governor, a mechanical device 
that instantly adjusts the power output to the power rcHjuinancints of the 
driven machine in such a way as to maintain practically a tmiform speed. 

Suppose a wood saw is being operated by a stationary engine. The 
load on the latter fluctuates constantly: that is, when the saw is cutting, 
the load is a maximum; and when the stick is shifted for the next cut, the 
load becomes a minimum. If the power output of the engine remained 
at the maximum required by the saw when cutting, the engine would run 
away or race under lighter loads, and wear rapidly or fly to pieces. A 
governor on the engine would vary its power output to me(!t th() power 
required by the saw and thus keep the spee^ of th(i lattcir practically 
constant. 

On the other hand, it is desirable and necessary to vary the engine 
speed in such machines as automobiles, trucks, and airplaiuis in order 
to obtain different traveling speeds. When 8u<!h a machine is in use, 
the operator of course must be present to guide it; therefore, the manual 
control of the speed involves no great difflculty. The speed of a tractor 
engine operating a stationary belt-driven machine might be held fairly 
constant by the manual operation of a convenient hand lover, but the use 
of a governor would eliminate the need of tlu^ extra man and soon pay 
for itself. 

146. Systems of Governing. — For stationary farm engin(‘-H two 
systems of governing are used. Some engines that burn gasoline are 
equipped with what is known as the hit-an/i-mus system. Those farm 
engines that are made to operate on kerosene, as well as all farm tractors 
and some trucks, are equipped with the throttle system of governing. 

147. Hit-and-miss System. — The fundamental principle involved in 
the hit-and-miss system of governing i.s to kesq) all explosions alike and at 
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the maximum intensity, but to .vary the number per time interval 
depending upon the power output required. 

Example . — A single-cylinder four-stroke-cycle engine running at 500 r.p.m. and 
developing its maximum power would produce a maximum of 250 explosions per 
minute. If the belt suddenly slipped off, relieving the engine of its load, there would 
be an excessive increase in speed. If, on the other hand, the number of explosions 
per minute were reduced by some mechanical means to, say 50, the power output 
would be correspondingly less and the engine would continue to run at its normal 
speed of 500 r.p.m. 

This system of governing, then, varies the number of explosions or 
working cycles per time interval so as to maintain a reasonably constant 
engine speed at any and all loads, the same maximum mixture charge 
being taken into the cylinder for each explosion. 



Fig. 138. — Hit-and-miss governing system with weights on crankshaft. 


The governing mechanism (Fig. 138) consists of the following parts: 
weights W, sliding collar jB, detent arm or finger C, and notch or catch 
block F on exhaust-valve push rod E. The weights, usually located on 
one flywheel on the crankshaft, are held together by springs, but when 
rotated are drawn apart against the spring tension by centrifugal force. 
The greater the engine speed, therefore, the farther they separate. This 
expansion of the weights slides the grooved collar on the crankshaft, and 
this sliding movement of the collar reacting on one end of the pivoted 
detent arm causes the opposite end to catch in a notch on the exhaust 
push rod, holding the valve open. This valve being open, a fuel charge 
will not be drawn in and compressed and fired on the next cycle. Con- 
sequently, the engine will lose speed, and the springs will draw the weights 
together owing to the decreasing centrifugal force, thus sliding the collar 
back and releasing the detent arm and push rod, and permitting another 
explosion. Such an engine, when carrying light loads, operates at a more 
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or less uneven or fluctuating speed, but when running at full load fires 
steadily and runs uniformly. 

The governor weights, in some cases, as shown by Fig. 139, are not 
located on the crankshaft but are mounted separately and driven by a 
small spur pinion meshing with the cam gear. 


Governor Worghi 


Speed Change Lever 


Governor Plunger 

Governor Weight Pin 

Governor Plunger Spring 
Governor Shaft 


Crankshaft 



Fi(i, 14(),‘-*-Throttlo goveming ttyatoni with wcnghtw on <TJmkHhnft. 


As previously .stated, the hit-and-miss system of governing is not 
used on kerosene-burning engines l>ecauso the interval between explosion.^ 
during which the exhaust valve is held open permits the cylinder to 
become cooled rather than to remain at a uniform temperature;. There- 
fore, this uniformity of conditions, so essential for the vaporization and 
combustion of kerosene, does not prevail. 
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148. Throttle System. — The principle of the throttle system of gov- 
erning is to permit the engine to fire the maximum number of times, that 
is, on every fourth piston stroke, regardless of the load, but to vary the 
fuel charge per cycle and the resultant explosion intensity as the load 
varies. That is, an engine having a normal speed of 500 r.p.m. would fire 
250 times per minute at any load, the governor functioning in such a 
manner as to reduce the quantity of fuel mixture entering the cylinder on 
each intake stroke at light loads and increasing it with an increasing load. 

The mechanism (Figs. 140 and 141) consists of (1) set of weights, held 
together by springs and located on the crankshaft or driven by a special 
pinion, (2) a sliding collar, (3) a throttle connecting rod or arm, and (4) a 
throttle, butterfly. As the engine speed increases, the weights fly apart 
moving the collar and actuating the throttle connecting rod, thus partly 


WEIGHTS 



Fig. 141, — Throttle governing system with gear-driven weights. 


closing the throttle butterfly and cutting off the fuel mixture. If the 
engine speed decreases with an increased load, the springs counteract 
the centrifugal force on the weights, drawing them together and sliding the ' 
collar so as to open the throttle. If the mechanism is well designed and 
operates freely, the power output of the engine will be adjusted instantly 
to the power required and a uniform speed produced and maintained at 
all loads. 

( TRACTOR GOVERNING 

A governor is necessary on a tractor engine to maintain a uniform 
speed with varying loads, particularly when operating belt-driven 
machines. Again a governor protects the engine against operation at 
excessive speeds when doing either belt or drawbar work. 

149. Governing Mechanism. — ^All tractors are equipped with the 
throttle system of governing, the mechanism being actuated and con- 
trolled by centrifugal force by means of rotating weights. A typical 
layout is shown by Fig. 142. Referring to this figure, the operation is as 
follows : Two weights in the gear chamber behind gear A are rotated by 
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this gear and are held by and swivel about the two pins B. These 
weights fly out when the motor speeds up, moving governor shifter B 
outward. This action presses the ball-bearing thrust contained in ball- 
bearing housing D outward, moving lever E. This lever swivels on pin F, 
which is flxed in the gear cover. The movement of E causes a movement 
of rod G and closes butterfly valve H. 

The angle at which the butterfly valve stands can be changed by 
disconnecting ball joint P from lever E and giving the ball joint one or 
more turns on rod G. Turning it to the right will cause H to stand more 
nearly vertical; and to the left will cause it to become morcj horizontal. 



.Fia. 142.-*“-Tra<'!t<)r p;(>vorn<)r nhowinfK parta and ccjnetnu^iou. 


The adjustment for speed is made by turning scrciw K. Turning it 
to the right speesds up the motor, while turning it to the loft slows down 
the engine. 

Figure 143 illustrates another tractor-governing mechanism. It will 
be observed that the general construction, operation, and adjustment 
are practically the same. The weights are locatcid in the front gear 
housing of the engine and rotated by a gear from the crankshaft. All 
mechanism, with the exception of the lever rods leading to the throttle 
butterfly, is enclosed and oiled largc'ly by a mist from the crankcase. 
This eliminat(^s the possibility of poor governing <hui to W(uir and lost 
motion, or sticking and hanging. Any tractor governor in order to 
function properly must work freely but with as little lost motion in the 
(ionnections as possible. 

It is possible to adjust a governor to maintain a higher or a lower 
operating speed. In some cases this is done by means of a specially 
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provided hand screw, as shown in Fig. 143, which changes the tension 
on the governor spring. Others do not have this provision but the speed 
can be changed by shortening or lengthening the throttle rod. As a 
rule, such practice is not recommended. Every tractor is designed by 
the manufacturer to operate within a certain speed range, and any 
changes in this respect are seldom necessary or advisable. 

The engine speed of any tractor can be controlled, to a certain extent, 
by means of the hand throttle. This is connected to the butterfly valve 
indirectly through the governor spring, lever arm, and throttle connecting 
rod. When in the closed position,. it holds the throttle butterfly nearly 



Fig. 143, — Tractor governor showing speed adjustment. 

closed and counteracts any tendency of the contracted weights to open 
the valve. As the hand lever is moved toward the open position, the 
control of the valve is gradually shifted to the governor until, in the wide- 
open position, the governor has complete control. 

160. Automatic or Vacuum-type Governor.— Motor trucks, busses, 
and automobiles are sometimes equipped with a governor for the purpose, 
primarily, of maintaining a set maximum road speed that may be con- 
siderably below the maximum speed possible without such a device. An 
automatic or vacuum-type governor (Fig. 144) is used for this purpose. 
It is a simple device located between the carburetor and the intake mani- 
fold and has no mechanical connection to any other parts of the engine. 

Referring to Fig. 144, the device consists of a housing, a throttle 
butterfly valve mounted off center and connected to a spring-controlled 
cam-and-lever mechanism. With the butterfly mounted off center, the 
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longer portion is subjected to the pressure reaction of the gas naixture 
passing 'through the device. Thus as the engine speed and resultant 
suction increase, the reaction tends to close the valve and thereby to 
maintain a certain maximum speed. As the engine speed and suction 
decrease, the spring opens the valve. The desired speed range is main- 
tained by a simple adjustment of the spring tension. The successful 
operation of this type of governor depends largely upon precision of 
construction, freedom of movement of the parts, and proper installation, 
adjustment, and adaptability to the engine. 

161. Speed Variation. — A perfectly functioning governing mechanism 
should not permit any appreciable variation in the engine speed between 



Fto. 144. — Vacimm-typo governor. 


no load and full load. Obviously the natural action is for an engine to 
run faster without load, with the speed dropping off as the load ijuireases. 
The total variation will depend largely upon th(^ rat(ul engine speed. If 
it is a high-speed engine with a rated r.p.m. of 1,200, for example, a 
variation of 75 to 100 r.p.m. would not be excuissive or unreasonable. A 
low-speed engine whose rated r.p.m. is 750, say, shoiild not show over 
50 r.p.m. variation. Poor governor control is usually due to faulty or 
imperfect design, but may be caused by lack of good lubrication of all 
working parts, by paint in the lover connections, by a bent, l>roken, or 
poorly fitted throttle butterfly, or by incorrect adjustment. The speed 
of an engine can be checked readily by means of a speed indicator (Fig. 
381). The tip is inserted in the end of the crankshaft and the indicator 
held firmly with one hand with a watch in the other hand. Oiui complete 
turn of the indicator disk is 100 revolutions. By counting the number of 
disk r.p.m. and multiplying by 100, the total r.p.m. is secured. 
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162. Governor Hunting. — Frequently when an engine is first started 
or after it is warmed up and is working under load, particularly in belt 
work, its speed will become uneven or irregular. It speeds up quickly, 
the governor suddenly responds, the speed drops quickly, the governor 
responds again and the action is repeated. This is known as hunting. 
It is usually caused by an incorrect carburetor adjustment and can be 
corrected by making the mixture either slightly leaner or slightly richer. 
It is possible also for the governor itself to cause hunting by being too 
stiff or striking or binding at some point, so that it fails to act freely. 



CHAPTER XIII 

IGNITION AND IGNITION METHODS 

In any internal-combustion engine, the fuel mixture must be ignited 
or “set on fire,” so to speak, before the explosion can take place and 
power be generated. This ignition always takes place near the end or 
during the latter part of the compnjssion stroke. In the development of 
the internal-combustion engine, four different methods of ignition have 
been devised as follows: 

1. Opcn-flamo method. 

2. Hot-tube, hot-hulb, or hot-bolt method. 

3. Ignition by the heat of compre.ssion. 

4. Electric-spark ignition. 

Of these four the last three named are still in use, but by far the greatest 
number of enginoKS utilize the electric-spark method in some form or 
another. 

163. Open-flame Ignition. — ^The open-flame arrangement was pet- 
hai)s the first successful means of ignition. However, it wjis soon dis- 
placed by the other methods mentioned, as they proved morc^ satisfactory 
for several reasons. This system consisted of two gas j(its, one burning 
continuously on the outside of the engine and a second jot that 
alternately communicated with the first jet and the combustion chamber. 
This second jet was extinguished each time by the explosion and, there- 
fore, had to be relighted. It was placed on th(! inside of a hollow, 
rotating valve whose one port or opening first registered with an opening 
near the first jet. This lighted the second jet. Further movement of 
the valve permitted its port to register with an opening leading to the 
combustion space just as compression was nearly completed. Thus, the 
charge coming in contact with the flame was ignited, and an explosion 
produced. As previously stated, this system of ignition survived only a 
short time, owing to the immediate development of other more reliable 
ones. 

161 Hot-tube and Hot-bulb Ignition.~The hot-tube system of 
ignition originally consisted of a tubelike projection on the end or side 
of the cylinder, as shown in Fig. 145. The outer end of the tube was 
closed and the other end opened into the combustion space. It was 
heated by a torch or flame and, as the charge was compressed, a centain 
portion entered the tube and was ignited by contact with the hot inner 
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surface. The ignition of the charge in the tube then spread or propagated 
through the mixture in the cylinder and produced an explosion. The 



tube was sometimes covered by an asbestos-lined jacket to retain the 
heat. In some cases it was necessary to keep the torch burning as long 
as the engine was in operation. In others, the flame was taken away 



Fig. 146. — Oil engine with hot-bulb ignition. 


once the engine was started and the hot exhaust gases which remained in 
the tube following the explosion served to keep it hot and ignite the next 
charge. 
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The original hot-tube arrangement just described has b^en superseded 
by a modification known as the hot bulb (Fig- 146). The bulblike 
projection on the cylinder head is heated by a torch until the engine 
starts. In most cases this torch is then removed or extinguished, the hot 
exhaust gases continuing to keep the bulb sufficiently hot to produce 
ignition. 

Some heavy-duty, stationary oil engines are equipped with a bolt 
or pin in the cylinder head that projects into the combustion space. 
This bolt, when heated by some external means, provides the ignition for 
starting the engine. Once the engine is in operation the heating torch 



Fig. 147. — Curve showing relation of compression pressure to cylinder temperature. 

is xemoved and ignition is produced by what is known as high compression. 
This hot-bolt or hot-pin arrangement, however, may be considered as 
another modification of the hot tube. 

Hot-tube and*hot-bulb devices for i)roducing ignition have (u^rtain 
distinct disadvantages that make their use iinpnu'.tic^al except for (certain 
types of .engines, namely, heavy-duty, one-speed, stationary oil (mgines, 
such as are used for operating large pumping outfits, ekictric gcmc^rators, 
cotton gins, and the like. Some of these disadvantages are: 

L Several minutes are required to heat the tube or bulb liefore ih(‘. eugiiu'. c.an be 
started. 

2. Instant change of time of ignition, so essential for multiple-cylinder variable- 
speed engines, is impossible. 

3. Unless made of a special alloy, or high-grade material, the tube or bulb oxidizes 
rapidly, on account of tho excessive heat, and mtist be replace<l frequently. 
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166. Ignition by High Compression.* — ^When air or gaseous material is 
compressed rapidly and consequently reduced in volume, work is required 
that is instantly converted into heat, thereby causing a correspondingly 
rapid rise in the temperature of the gas compressed. This physical 
action is utilized in producing ignition in certain so-called high-compres- 
sion engines; that is, the compression pressure is great enough to produce 
a temperature high enough to ignite the fuel mixture at the proper time 
t without the assistance or use of any special ignition device. 

The effect of rapid compression on temperature is shown by the curve 
in Fig. 147. In preparing this curve, an initial temperature of 60°F. 
has been assumed. However, this initial cylinder temperature will be 
considerably higher after an engine has been running a few minutes. 
Table VIII shows that the ignition temperature of the common internal- 
combustion-engine fuels varies perhaps from 500 to 900°F. Conse- 
quently, a compression pressure of 300 to 500 lb. per square inch will 
readily ignite any hydrocarbon fuel mixture. In other words, compres- 
sion-ignition engines require a compression ratio of 1:15 or higher, while 
1 : 5 or 6 is the average compression ratio of ordinary electric-ignition, car- 
bureting-type engines. Since Dr. Rudolph Diesel, a German, first 
demonstrated the possibilities of high compression in producing ignition 
in internal-combustion engines, all such engines are now usually known 
as Diesel engines. 

166. Electric -spark Ignition. — Electric-spark-ignition systems vary 
greatly in construction and operation, depending upon the type of engine. 
Therefore they will be discussed fully in later chapters. 
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CHAPTER XIV 


DIESEL-ENGINE CONSTRUCTION AND OPERATION 

For a number of years following the efforts of Dr. Rudolph Diesel ' 
in successfully developing the high-compression-ignition engine in 1898, 
only a limited number of heavy-duty, slow-speed stationary engines were 
manufactured. Eventually, however, the possibilities of the utilization 
of the Diesel principle in smaller, higher-speed, single- and multiple- 
cylinder engines of both the stationary and automotive type were given 
consideration. During the past decade there has been a marked expan- 
sion of the application of the Diesel principle of ignition and operation to 
various types of internal-combustion engines. 

PRINCIPLES OF OPERATION 

As explained in Chap. XIII, the Diesel engine differs from a car- 
bureting-type engine, primarily, in two ways, namely, (1) only air is 
taken in on the intake stroke of the piston, the liquid fucJ being injected 
directly into the combustion chamber at the end of the compression 
stroke; and (2) the fuel mixture is ignited by high comprt'ssion, and no 
special ignition device or mechanism is needed. On the otluir hand, all 
Diesel engines operate on either the two- or the four-strokc-cych^ principle 
like other internal-combustion engines. 

167. Two-stroke-cycle Diesel. — The prin(!ii)leH of operation and 
events involved for a two-stroke-cyclc engimi mv. shown by Fig. 148. 
The cycle begins with the upward movement of the piston from its C.D.C. 
position. The intake and exhaust ports are (dosed and the (diarge of 
fresh air is compressed to approximaUdy 500 lb. per sciuare iiudi. At the 
same time the crankcase volume is incnaising and air enters the crank(>as(! 
through an automatic suction valve. This air is sometim(iK calk'd 
scavenging air. When the piston nsachos H.D.C., a charge of fuel is 
injected into the combustion space. The high temperature existing 
ignites the mixture of atomized fued and air, and combustion takc's 
place in such a manner that a constant pressure ecjual to the compression 
pressure is maintained as the piston moves downward on the power 
stroke. Expansion continues until the (ixhaust port is opened and the 
burned gases are released. The intake port is likewise uncovered imme- 
diately after the exhaust port, and the air in the crankcase, which is now 
under pressure, by-passes into the cylindcsr, thus completing tlu' cy(‘le. 
Figure 149 shows the construction of such an engine. 
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Fia. 148. — Two-stroke Diesel-engine cycle. 



Fig. 149. — Cross-section view of a two-stroke cycle, Diesel-type oil engine 
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168. Four-stroke-cycle Diesel. — Figures 150 and 151 show the prin- 
ciples of operation of a four-stroke-cycle Diesel engine. It will be 
observed that the events take place in the same manner as in the ordinary 



Fig, 150. — Pressure diagram of four-stroke Diosol-ongino operation. 

four-stroke-cycle carbureting-type engine (see Chap. IV) with the excep- 
tion that air alone is drawn in on the intake strokcr and the liquid fuel is 
injected into the cylinder at or near the end of the compression stroke. 



Pio. 161 . — Cycle of events of a four-stroko-oyclo Dioaol engine. 

Obviously, two valves, intake and exhaust, operated by a gear, camshaft 
and the usual mechaniBin, are necessary, as shown by Fig. 152. 

169. Fuel Injection. — The proper injection of the fuel into the com- 
bustion chamber against the high pressure is one of the most difficult 
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problems encountered by the Diesel-engine designer. Since the mech- 
anism involved must supply a fuel charge sufficient only for a single 
explosion, it is obvious that it must be carefully designed to operate with 
the utmost precision. The principal requirements of a Diesel fuel supply 
and injection mechanism are (1) that it positively supply a correct fuel 
charge to each cylinder according to the engine load and speed; (2) that 
it inject the fuel at the correct time in the cycle; (3) that it facilitate 



Fig. 152. — Four-stroke-cycle, Diesel-type oil engine. 


efficient fuel utilization by atomizing the charge at the time of injection; 
and (4) that it should not be subject to undue wear or require frequent 
adjustment or servicing. Considering these factors, it is obvious that 
for engines having limited piston displacement and high speed the 
utilization of the Diesel principle becomes increasingly difficult. 

The two common systems of fuel injection are air injection and direct 
or solid injection. The former utilizes a stream of air under high pressure 
(1,000 to 1,200 lb. per square inch) to force the fuel from the injector 
nozzle (Fig. 153) into the combustion chamber. Direct or solid injection 
involves the direct application of high pressure to the liquid fuel by a 
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pump to force it into the fuel nozzle and thence to the combustion 
chamber (see Fig. 164). 

160. Air Injection. — Figure 153 shows the complete layout for an 
air-injection system. An air compressor^ usually of the three-stage t 3 rpe, 
pumps air for both starting and injection 
into storage tanks, a pressure of 1,000 to 
1,500 lb. per square inch being maintained. 

When the engine is in operation, this higlir 
pressure air passes through a line to the 
fuel-injection valve, which also receives 
the fuel under pressure from the fuel-oil 
pump. As the fuel is forced by the injec- 
tion air through the fuel-injector nozzle 
into the combustion chamber, it is highly 
atomized. The injection timing is con- 
trolled by a suitable mechanism that 
opens the injector needle valve just as the 
piston reaches compression dead center. 

Figure 155 shows the construction and 
operation of a fuel-injection valve and 
nozzle for air injection. The fuel enters i55.~iiijectioii nozzle for air 
at F and fills the annular space E, which 

contains air at a pressure higher than the compression pressure. When 
valve B is opened, the air in space E forces the fuel through the atomizer 
disks D and spray nozzle C into the combustion chamber. 

The air-injection system is used primarily on very large, stationary, 
four-stroke-cycle engines. For the smaller sizes of Diesel power units of 




Fig. 156. — “Common rail” injection sys- Fig. 157. — Individual pump injection 
tern. System. 


both the stationary and automotive type, solid injection is preferable 
because of its simplicity and the elimination of heavy, bulky air tanks, 
air compressor, and other parts. 

161. Direct or Solid Injection. — In the solid-injection system (Figs. 
154 and 157), the fuel is first pumped from the main supply tank to an 
auxiliary chamber by means of the transfer pump. The high-pressure 





160 


FARM GAS ENGINES AND TRACTORS 


injection pumps receive the fuel from the auxiliary chamber and force 
the proper charge to the injector in the cylinder head. The timing of 
the charge is controlled by timing the stroke of the injector pump with the 
crankshaft and piston position. 

For multiple-cylinder Diesel engines, two systems of solid injection 
are used, namely, (1) “common rail” (Fig. 156) and (2) individual pumps 
(Fig. 157). In the former, a single pump supplies fuel to all cylinders 



by means of a pipe or “rail” that carriers fuel (ionstantly under high 
pressure. The fuel is fed from this pipe into eae.h cylinder by a mechani- 
cally operated valve. Although (iomparatively simple, the “(mmmoii 
rail” method is seldom used because it is difficnilt to adjust the incudianism 
so that each cylinder will receive a correct fuel charge, particularly at 
light loads or idling speeds. 

^ In the individual pump type, as the name indicat(!H, a wiparate fuel- 
injection pump and line arc used for each cylinder. 

Figure 158 shows the con.struction and operation of the injection 
valve for a solid-injection system. The valve is hekl to its seat by a 
spring. The fuel pre.ssure developed by the injciction pump overcomes 
the spring pressure and lifts the valve. Most Di(js(d (mgines of this 
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type use the precombustion chamber type of injector as shown. As 
the fuel is sprayed into this small chamber the highly-heated air causes 
a small portion of the fuel to ignite. As injection continues, the fuel is 
enveloped by flame, becomes gaseous, and, owing to the high pressure- 
developed, rushes at high velocity into the main combustion chamber 
where complete combustion takes place. The use of a precombustion 
chamber rather than direct injection into the main combustion chamber 
does not require so high an injection 
pressure. Furthermore, it permits 
the use of an injector having a large 
single jet rather than several small 
jets which would clog more readily. 

162. Diesel Governing. — The 
principle involved in governing 
Diesel engines is not unlike that 
used in other types; that is, the 
reaction of centrifugal force pro- 
duced by revolving weights is uti-» 
lized to control the quantity of fuel 
injected according to the engine 
load. However, no attempt is 
made to vary the air charge, and it 
remains constant at all loads. Fig- 
ure 159 shows how such a governor 
operates. The governor rack 1 is 
connected to and actuated by the 

governor. This rack revolves the pump gear 2, which is attached 
to the bottom of the pump plunger 3. As the gear is turned by the 
rack, the plunger is turned and lifted so that it closes the inlet port 
4 to which fuel is fed from rhanifold 10. This operation traps the 
fuel in the compartment 5, above the plunger, in the groove 6 and 
in the space below the scroll 7. Here a pressure is created and as 
the plunger is raised by the camshaft the fuel is forced through the 
check valve 8 and through the line 9 into the injection valve. As the 
scroll edge 7 reaches the fuel-inlet port 4, pressure is relieved, causing 
check valve 8 to close. Thus the position of the scroll with respect to 
the inlet port determines the size of the fuel charge trapped above the 
plunger and consequently forced to the injector. 



Fig. 159.- 


-Caterpillar Diesel 
mechanism. 


governing 


MODIFIED DIESEL AND HEAVY-FUEL ENGINES 

163. Hvid-type Engine. — An engine made in small sizes, particularly 
for farm purposes, and operating more or less upon the Diesel principle, is 
illustrated in Fig. 160. It is known as the Hvid-type engine. It is a 
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four-stroke-cycle engine and depends entirely upon high compression 
for ignition. However, the introduction of the fuel charge is unioue 



¥m. 1()(). — Cross-soction viow of a Hvid-tyxie <*nKine. 


and strikingly diffcircmt from tliat of th(^ Dicisel. Ii((fcrring to Fig. 160, 
the fuel is pumped from the tank to the fuel injcxdor, kxiatod in the 

cylinder head as shown, the (ixems fuel 
r(itiiriung to the tank through the overflow 
pip(i. On the intake! or suction stroke of 
th(! piston, air only is drawn into the cyl- 
inder through the m(!chani<tally operated 
air-inl<!t valve (not shown). At the same! 
tii!U!, the fuel-inlet valv<! oixins (see Fig. 
161) and permits a (!hargo of fuel to enter 
the fuel cup. Th<! amount admittcid is con- 
trolled by the fuel-nu'asuring ])in, whi(!h in 
turn is controll(!d by thc! gov(!rnor. At th(! 
same time that the fu(!l is b<!ing admitted 
into the (!up, a small amount of fresh air 
is drawn through the auxiliary air hole, 
down past the fuel-inlet valve into th(! 
fuel eup. At the end of the suction stroke, 
the fuel-inlet valve and air valve close. The air in the cylinder is 
now compressed to about 450 lb. per square inch and its temper- 
ature raised to between 800 and 1000°F. This hot atr rushes into 



Kia. 161.— Fuel injofd/or for livid- 
tyipo engiiio. 
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the fuel cup through three small holes and vaporizes and igrdtes the 
lighter portions of the fuel charge, creating a primary explosion in the 
cup and forcing the balance of the fuel out into the combustion chamber 
where it is completely vaporized and ignited and the major explosion 
produced. The resulting expansion sends the piston out on the power 
stroke, near the end of which the exhaust valve opens, permitting the 
products of combustion to escape or be pushed out by the piston as it 
moves back through the exhaust stroke. At the end of this stroke the 
valve closes and the cycle is completed. 



Fig. 162 . — Spark-ignition and fuel-injection-type engine. 


The operation of the Hvid-type engine may be said to be based upon 
the fact that every fuel, no matter how heavy it may be, contains some 
light hydrocarbons that will vaporize at a fairly low temperature. The 
explosion of the lighter fractions of the fuel charge in the cup acts as a 
propellant to force the remaining heavy portion of the charge out into 
the combustion chamber. Kerosene is recommended as the most satis- 
factory fuel for the farm-type Hvid engine. By making certain minor 
changes, it can be made to burn heavier fuels. 

164. Hesselman Engine. — The Hesselman-type engine is one that 
burns heavy fuels and uses electric-spark ignition in combination with 
mechanical fuel injection (Fig. 162). The compression ratio is about 
1:7.5, which means that the compression pressure is somewhat higher 
than for carbureting-type engines, but considerably below that of the 
Diesel. Therefore, the pressure is insufficient to produce ignition, and 
an electric-spark system is necessary. On the other hand, the relatively 
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high compression pressure combined with the use of a low-cost fuel 
provides a rather low fuel consumption and cost characteristic. The 
principal advantage of this type of engine over the Diesel is that the 
smaller sizes can be cranked by hand, and a special mechanical starting 
device is unnecessary. Gasoline placed in a small auxiliary tank is 
used for starting. 

165. Diesel Starting Methods. — One of the chief disadvantages of a 
Diesel engine, regardless of size or number of cylinders, is the energy 
required to crank it when starting, owing to the very high compression 
pressure. Hand cranking is usually out of the question, and, in most 
cases, some type of mechanical starter is used. 



Fia. 103, — McCormi<^k-Decring Diesol-ougino couHtruction and starting nuMthaniHin. 

The following methods are used for cranking Diesel cmgim^s: (1) hand 
cranking by tcnuporarily releasing or reducing th(i coinj)r(^ssion pn^ssiire 
(adaptable only to engines of limited dlspliutcnmnit stu^li as automotive- 
type Diesels), (2) use of coinpressed air from a high-pn^ssuni air-storage 
tank, (3) use of a small auxiliary starting engiiui, md (4) who of a storage 
battery and elecdric starting motor. 

A simple application of the hand-cranking mc^thod is uschI for the 
Hvid-type stationary engine previously des(‘.ribed. The intake valve 
is locked open, rolitwing the prcissurc, the engine is rotatcnl as fast as 
possible by hand and the valve lock is released. The inertia attained will 
usually be sufficient to carry the piston over a compr(\ssion stroke and 
firing will begin. 

The McCormick-Deering Diesel engine (Fig. 163) is an example of 
a hand-started automotive-type Diesel engine. It is equipped with an 
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auxiliary combustion chamber that is connected to the main combustion 
chamber by a special valve. Jjikewise, there is a high-tension magneto 
with spark plugs and a gasoline carburetor and manifold. To start this 
engine, a lever 1 is given one-fourth of a turn. This opens the valve 3 
to the auxiliary combustion chamber 4 and reduces the compression 
pressure. At the same time the magneto is engaged, and the gasoline 
carburetor and manifold are connected to the auxiliary chamber by the 
valve 5. The engine is now cranked in the ordinary manner and started 
on gasoline. When it has made about 700 revolutions (run about 1 min.) 
rod 2 releases the shaft turned by lever 1. This permits valve 3 to (5lose, 



Fig. 164. — Caterpillar Diesel starting engine. 


which cuts out the auxiliary chamber 4 and isolates the spark plug. The 
same operation disengages the magneto and closes the yalve 5. The 
engine immediately begins operating as a full Diesel. 

Compressed-air starting (Fig. 153) is used only for stationary Diesel 
engines. Air under high pressure is stored in a tank that is connected 
by a pipe to the cylinder head. Opening a valve permits the air to act 
on the piston and turn the engine until firing begins. Such engines 
must be equipped with an air compressor to replenish the air supply. 

Caterpillar Diesel tractor engines are equipped with a small high- 
speed auxiliary gasoline-burning starting engine (Fig. 164). This engine 
is cranked by hand and then engaged with the tractor-engine flywheel 
by a special starter-drive coupling. The drive is by means of a small 
spur gear that meshes with teeth on the flywheel. In starting the tractor 
engine, the compression pressure is released by locking the exhaust valves 
open. As soon as the engine is turning over properly, the compression 
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release lever is disengaged, the fuel-injection pumps are engaged, and 
firing begins, after which the starter engine is disengaged and stopped. 

Some automotive-type Diesel engines are equipped with a storage 
battery and electric starting motor for cranking. Usually a 12- or a 
24~volt system is necessary, particularly for large engines. Starting is 
accomplished by closing a switch connecting the battery to the starting 
motor. As the latter begins to rotate, a small spur pinion on the arma- 
ture slides into engagement with the teeth on the flywheel, and the 
engine turns. When firing begins, the gears automatically disengage 
and the starter switch is opened. A generator is also needed to keep 
the battery charged. 

166. Diesel-engine Design and Construction. — Owing to the higher 
pressures and strains to which certain parts of a Diesel engine are sub- 
jected, consideration must be given to designing 
these parts heavier and stronger or of special 
materials. Likewise, extreme precision in 
manufacturing and assembly is important. 
Some concrete examples relati ve to this problem 
are (1) special tie-rods, (Fig. 165) extending 
through the cylinder block to tie the main 
bearings securely to the cylinder head and 
provide greater security against compression 
and combtistion stresses, (2) heavier, special 
carbon-steel crankshafts, (3) large precision- 
fitted bearings of special quality bearing metal, 

(4) correctly designed and fitted pistons with a 
sufficient number of rings to retain compression, 

(5) alloy-steel heat-treated valves, carefully 
HfKMdai tio-rodH ground and fitted to eliminate leakage and 

hwdand beaSigr withwtand high temperature!?, (6) poKitive 

lubrication of all moving partn, (7) effioiejit 
cooling under all (operating conditionH, and (8) ponitive and relial>le 
fuel-supply and injection-system and fuel-filtering devices. As a rule 
Diesel-type engines ar<i somewhat heavier and cost more per horsepower 
than spark-ignition engines of the same type. 

The outstanding operating characteristie of any Diesel engine as 
compared with an eicctrie-ignition engine is its lower fuel consumption 
per horsepower-hour. Referring to Fig. 394 it will be observed that a 
Diesel engine uses from 0.50 lb. per horsepower-hour at full load to 
approximately 0.90 lb. at one-fourth load. A similar electric-ignition 
engine burning gasoline consumes from 0.70 lb. per horsepower-hour 
at full load to 1.40 lb. at one-fourth load. This lower fuel consumption 
combined with the lower first cost of the Diesel fuel itself means a pro- 
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nounced saving in operating costs. For example, the cost of the fuel 

per hour for a 60-hp. Diesel engine, using fuel costing 6 cents and weighing 

n , , , 50 X 0.5 X 6 _ . 

7 lb. per gallon, would be ^ = 21.4 cents. 

For an engine of the same size, using gasoline costing 12 cents and 
weighing 6.15 lb. per gallon, the fuel cost per hour would be 


50 X 0.7 X 12 
6.15 


68.3 cents. 


Multiple-cylinder automotive-type Diesel engines show a somewhat 
different torque characteristic as compared with similar electric-ignition 
engines. The difference in this respect is such that a Diesel engine is 
said to have better ^Tugging” ability, that is, it hangs to the load and 
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Fig. 166. — Special type of Diesel-tractol fuel filter. 


continues to pull even though the speed drops off perceptibly. This 
characteristic is probably brought about by the time and duration of the 
fuel injection and the fact that the subsequent combustion process is 
somewhat slower and lacks the more spontaneous explosive action charac- 
teristic of the electric-spark-ignition engine. 

167. Diesel Fuels. — Diesel fuels and their characteristics are dis- 
cussed in Chap. VIII. A Diesel engine, to give satisfactory service, 
must not only operate on a fuel of proper specifications, but also must be 
equipped with efficient strainers and protective devices to prevent the 
slightest trace of foreign matter of any kind reaching the fuel-injection 
mechanism. This mechanism, being extremely delicate and sensitive in 
construction and operation, might have its proper performance noticeably 
affected by a minute particle of dirt, moisture, or other apparently 
harmless material. 
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Figure 166 shows one type of two-stage filtering device. The fuel 
enters as indicated and first passes through three metal edge-type filters 
which remove the bulk of the foreign material. It is then forced through 
two wire- wound screen filters with still finer openings, designed to remove 
silt, fibrous, and flat materials. The filtering elements should be readily 
removable and thoroughly cleaned at frequent intervals. Other neces- 
sary precautions are to put only clean fuel in the fuel tank, keep the tank 
closed, keep all fuel lines tight and see that the air cleaner is given proper 
attention and kept in good working condition. 
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CHAPTER XV 


ELECTRICAL IGNITION— SOURCES OF ELECTRICITY 

Any electrical ignition system is made up of certain parts or units 
according to the following outline: 

1. Source of current. 

а. Chemical — dry cells and storage cells. 

б. Mechanical — ^magnetos and similar electric generating devices.- 

2. Coil. 

a. Low tension or make and break. 

h. High tension or jump spark. 

(1) Vibrating. 

(2) Nonvibrating. 

3. Timing mechanism. 

4. Sparking device. 

а. Spark plug. 

б. Igniter. 

5. Switch and wire coimections. 

168. Chemical Generation of Electricity. — Electricity for ignition 
purposes may be generated in two ways, namely, by chemical means or 
by a mechanical device. Chemical devices for generating an electric 
current are known as cells or batteries. Correctly speaking, a cell is a 
single unit, and a battery consists of two or more cells connected together. 
Such cells for generating electricity are made up of four fundamental 
parts: (1) the positive material, (2) the negative material, (3) the electro- 
lyte, and (4) the container. That is,, a simple cell (Fig. 167) consists 
essentially of two dissimilar materials immersed in a solution called the 
electrolyte. If these materials are_ connected externally by a good con- 

Table X. — Chemical Combinations Used in Diffbeent Types op Cells 



(A) 

Daniell cell 

(B) 

Leclanch6 cell or 
dry cell 

(C) 

Lead-acid 
storage cell 

Positive material 

Copper (Cu) 

Carbon (C) 

Lead dioxide 
(PbOs) 

Negative material 

Zinc (Zn) 

Zinc (Zn) 

Lead (Pb) 

Electrolyte 

Sulphuric acid ' 

Ammonium ' chloride 

Sulphuric acid 


(H,S04) 

(NH4CI) 

(H^SOd 

Voltage 

1.0 

1.5 

2,0 
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Ex-f-arnaJ circuit 


Copper 



-n F-inc 


ductor of electricity, such as a copper wire, chemical action takes place 
between the solution and these materials, and an electric current flows 

through the wire, that is, chemical energy is 
converted into electrical energy. 

Only certain combinations of materials 
will generate electricity in this manner. 
Some of the more common ones and the 
voltage produced are given in Table X. 

Combinations A and B (Table X) form 
what are known as primary cells. Com- 
bination C is the one \ised in the ordinary 
load-type automobile and farm light-plant 
batteries and forms what is known as a 
secondary cell or battery. 

169. Primary and Secondary Cells. — A 
primary call is one in whirdi the chemical 
action, going on as the cell discharges, 
changes one or more of the active materials — 
particularly the negative element and the 
electrolyte— in siuih a way that when the cell 
is complebily discharged or “dead," it can 
Ixi restor(Kl to its original (X)ndition only hy 
rmawing the malmah that have been so 
changed. For e.xample, in Fig. 167 the zinc platen is gradually consumed, 
the zinc replacing the hydrogen in th<' sulphuric acid. This hydrogen 
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charge. 


collects on the positive copper plate which remains unchanged, (.lon- 
sequently, the negative zinc and the electrolyte are gradually broken 
down and eventually must be replaced. 
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In a secondary cell (Fig. 168), the active materials likewise undergo a 
chemical change during the discharging process, but when the cell 
becomes completely discharged, a replacement of these materials is 
unnecessary and it can be restored to its original condition hy sending 
an electric current through it in a direction opposite to that of discharge. 
This process is commonly known as recharging. Of course, this charging 
and discharging action cannot be carried on indefinitely because these 
secondary or so-called storage cells gradually lose their strength and 
efficiency for other reasons. Their life varies from 2 to 10 years or more 
depending upon their type, construction, quality of materials, use, care, 
and other factors. 

170. Conductors and Insulators. — Certain materials, largely metals, 
transmit an electric current readily and are known, therefore, as good 
conductors; that is, they are said to offer a low resistance to the flow of 
electricity through them. Some of these substances are: silver, copper, 
aluminum, zinc, brass, platinum, iron, nickel, tin, and lead. On the 
other hand, many materials are very poor conductors, or apparently do 
not conduct an electric current at all and are known as insulators. Some 
common insulating materials are porcelain, mica, rubber, glass, fiber, and 
Bakelite. 

171. Electrical Units and Measurement. — The flow of an electric 
current through a conductor can be compared to the flow of water through 
a pipe. The quantity of water flowing or rate of flow, usually expressed 
in gallons per minute, is dependent upon the pressure in pounds per 
square inch or head, and the resistance offered by the pipe according to 
its size and length. Likewise the rate of flow of an electric current 
measured in amperes is determined by the electrical pressure in volts 
and the resistance of the conductor according to its size and length, and 
the material used. 

The usual definitions of the common electrical units are as follows : 

Volt. — The unit of electrical pressure or electromotive force (e.m.f.). It is the 
pressure required to send a current of 1 amp. through a circuit whose resistance is 
1 ohm. 

Ampere. — The unit of the rate of flow of an electric current. It is that quantity 
of electricity that is made to flow by a pressure of 1 volt through a circuit whose 
resistance is 1 ohm. 

Ohm. — The unit of electrical resistance. It is the resistance offered to the flow of 
1 amp. under a pressure of 1 volt. 

Ampere-hour. — The quantity of current flowing in amperes for a period of 1 hr., or 
Ampere-hours = amperes X hours. 

Watt. — The unit of electrical power or the rate at which work is performed by 1 
amp. of current flowing under a pressure of 1 volt, or 

Watts = volts X amperes 
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Watt-hour , — The power consumed when 1 watt is used for 1 hr., or 
Watt-hours = volts X amperes X hours 
Kilowatt . — One thousand watts. 

Kilowatt-hour . — The power consumed when 1 kw. of power is consumed for 
1 hr., or 

Kilowatt-hours = kilowatts X hours 

amperes X volts X hours 


172. Ohm's Law. — As previously stated, the current flowing in an 
electrical circuit is dependent upon the resistance of the circuit and the 
pressure or voltage. In fact, there is a definite relationship between the 
current flowing in amperes, the pressure in volts, and the resistance in 
ohms. This relation, known as Ohm\s law, is cxprossc^l as follows : 


Current in amperes (/) = 


pressures in volts {K) 
resistan(‘f^ in ohms {R) 


or using the common symbols 




.Likewis(\ 

A' = IH 

and 

II 


This law is of inestimable value, particularly to the (d(H‘.trical (mginc(u', 
for calculating the voltage r(H|uired to transmit a (‘(U’tain (uirnmt a given 
distance, for determining correct wire si;5(^s, and so on. 

173. The Dry Cell.—' The common dry ccdl Ik iiothiiiK mons than a 
primary cell who.se princ.ipal active materialH an; carbon, zinc, and 
ammonium chloride. However, it is inad(i up in such maimer that the 
electrolyte is in a so-called nonspillable form so that th(^ c(‘Il or battery 
can be carried about or placed in any convmiifmt iiosition without injury 
to its contents or hindrance to its action. 

The dry cell serves as a source of electriiiity for a number of purposes, 
including gas-engine ignition, flashlights, doorbells, t(deplK)n(*s, radio 
receivers, and so on. It is made up in different forms and siztis ac, cording 
to the purposes for which it is to bo used. For ignition imrposi^s, it is 
cylindrical in shape, the standard size being 2},i in. in diameter and 6 in. 
high. 
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Referring to the cross-sectional view (Fig. 169), the construction of a 
dry cell is as follows: 

1. The outer pasteboard carton serves as a protector from moisture and possible 
short circuits. 

2. The zinc cup serves as a container and as the negative material. 

S. The carbon stick acts as a conductor to conduct the current from the cell, but 
does not serve exclusively as the positive material although it is often erroneously 
considered as such. This carbon stick has the terminal fastened to it, although 
the entire stick might be considered as the positive terminal. 



4. The filler is a mixture of (a) granulated carbon or graphite, which serves as the 
active positive material; (6) manganese dioxide (Mn 02 ), which is called the depolar- 
izer; (c) ammonium chloride (NH4CI), in solution, which is the electrolyte; id) zinc 
chloride (ZnCb), which reduces the chemical action between the zinc and ammonium 
chloride when the cell is not being used. 

5. The blotting paper which completely lines the zinc cup acts as an insulator 
between it and the positive carbon. This blotting paper, however, permits the 
electrolyte to permeate it and come in contact with the zinc, thus producing the chemi- 
cal action and generating an electric current. 

6. The top is sealed airtight with some hard waterproof material, usually a 
pitch or tar compound. 

174. Polarization. — The chemical action taking place in a dry cell, as 
it discharges, results in the liberation of some of the hydrogen of the 



174 


FARM GAS ENGINES AND TRACTORS 


electrolyte. This hydrogen collects in the form of bubbles on the carbon, 
which serves as the positive electrode, and has a tendency to act as an 
insulator, preventing the carbon from receiving its positive charge of 
electricity and functioning as it should. The current output, or rate 
of discharge, is thus gradually reduced. This action is known as polariza- 
tion and is more pronounced if the cell is discharged at a high or excessive 
rate. 

The manganese dioxide, mixed with the carbon and electrolyte, acts 
as a depolarizer; that is, it liberates some of its oxygen, which unites with 
the hydrogen to form water. The manganese 
dioxide is probably reduced to a lower oxide. 

176. Testing Dry Cells. — The most practical 
method of determining the condition of a dry cell is 
to use a common pocket voltammeter (Fig. 170). 
This instrument is equipped with two stationary 
contacts labeled “amps” and “volts,” a flexible 
contact, and a double scale. To road the current 
in amperes, the stationary “amps” contact is placed 
on the positive terminal of the cell and the negative 
terminal is touched with the flexible contact. The 
reading in amperes will bo indicated by the hand 
on the upper 0 to 30 scale. It is important in test- 
ing for amperes that the reading be made a.s quickly 
as possible when the indicator comes to rest. If the 
coll shows 20 to 30 amp., it is in good condition. 

Fi(i. i7().--ToHtinK If it shows Only 5 to 10 amp., it is practically 
exhausted and of little value for ignition or other 
purposes. 

To test the voltage of a dry coll, the “volts” t(uminal of the instru- 
ment is placed on the positive terminal of th(b cell and the flexible contact 
touched to the negative terminal. The hand will indie, at(b the voltage 
on the 0 to 12 or “volts” scale. For a good cell, the reading will be 1.5 
and will not drop p<ir<ieptibly until it is nearly worn out. That is, the 
amperage of a dry cell or battery decreases gradually with uses and age 
but the voltage remains practically constant. Therefore, the condition 
of a cell should be determined by testing for amperes rather thanfor volts. 

To obtain the best results and maximum service from dry cells they 
should be stored in a cool place when not in use and kept free from 
dampness at all times. 

176. Connecting Dry Cells. — Ignition systems using a battery as a 
source of electricity require it to have a pressure of at least 6 volts. Since 
the voltage of the common dry cell is only 1.5 and cannot be increased by 
increasing the siz(b of the cell, several units must be connected in such a 
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way as to produce this higher pressure. Figure 171 illustrates the series 
method of connecting cells, in which the carbon or positive of one is 
connected to the zinc or negative of the next, and so on. If a voltmeter 
were placed in the circuit, it would register about 6 volts. On the other 



Jb'iG. 171. — Series method of cell conuectiou. 

hand, if the current reading in amperes were taken, it would show 
little or no increase over that of the individual cell; that is, the series 
connection produces a total voltage equal to the sum of the voltages 



Fig. 172. — Parallel or multiple method of cell connection. 

of the cells and a total amperage equal, approximately, to the average 
amperages of the individual cells. 

Another arrangement (Fig. 172), in which all of the positive terminals 
are connected by one wire and all of the negatives by another, is known 
as the parallel or multiple method. In 
this case, the voltage of the set would 
be about 1.5 or the average of the volt- 
ages of the individual cells, but the total 
amperage would be equal to the sum of 
the amperages of the separate cells. 



13030 

This method is impractical and seldom 


used. 

Figure 173 illustrates a third method 
of connecting cells, which is known as 
parallel series or multiple series. It will I 


w w w w 


be observed that the individual cells are Fig. 173.— Parallel- or multiple-series 
connected in series and the sets in method of cell connection. 

parallel. Such an arrangement is advantageous, particularly under two 
conditions, namely: (1) when an engine using a dry-cell battery for 
ignition is operated almost continuously every day as on a concrete 
mixer, for example, and (2) when a supply of good dry cells is not 
available and a number of weak ones must be used. 

Dry cells deteriorate and lose their strength even when allowed to 
stand unused, their maximum life seldom exceeding 1 year under any 
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conditions. Therefore, if an engine is operated intermittently for a few 
hours or a day or two a week, it is advisable to buy only four or five fresh 
cells and connect them in series. 

On the other hand, if an engine is in constant operation every day it 
is usually more economical to purchase eight or ten cells and connect 
them in multiple series, for the reason that the discharge rate in amperes 
per cell is reduced one-half. For example, referring to Fig. 209, which is a 
diagram of a simple ignition circuit, when the points close, the circuit is 
complete and an electric current flows. The rate of flow in amperes, 
according to Ohm’s law, depends upon the voltage and the resistance of 
the entire circuit in ohms. Since there are four dry colls in series, the 
voltage will be about 6. Suppose the total resistance is 1 ohm. Then, 



which is the rate of current flow when thc^ points arc closed. Now 
suppose, instead of four cells in series, eight c('lls in multiple series are 



Fig. 174.” -A simplo mako-and-bmik ignition oinniit uning (dght (udln in piirallol 

connected to the same ignition circuit, as shown l)y Fig. 1 74. The voltage 
and rosistatuic remain the same; con.se<pi('.n1.1y tin; current flow in ampenis 
must remain the same. But this current is now supplical by (ught cells 
connected in multiple series instead of by four c(‘lls in sericis. 'fhcu'cifon', 
each set of four cells is supi)lying 3 amp. to the circuit, and the discharge? 
rate per cell has becui redxiced one-half, as c.omparcd to the rat(! when 
only four colls in ,s(!rios arc used. 

Tests have shown that if a cell of any kind is re(iuired to geiujrate an 
electric current continuou.Hly for hours or days at a tinui, the lower this 
current drain per c(?ll, the; grcsjiter tin? life of the cell or batt(U’y. In fac.t, 
eight or ten cells, (connected in multiple scries, will last considerably 
longer under continuous service than eight or ten colls u.scsl four or five 
at a time in aeries. 
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Frequently a dry-cell ignition battery becomes weak and it is found 
impossible to secure new cells at .once. In such an emergency it is often 
possible to relieve the situation by connecting eight, ten, or even twelve 
weak dry cells in multiple series. Suppose for example, 12 cells testing 
1.4 volts and 8 amp. each are connected as in Fig. 173. The maximum 
voltage and amperage of the battery would be 5.6 and 24, respectively, 
which is nearly the same as that of a set of four or five good cells con- 
nected in series. 
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CHAPTER XVI 


SECONDARY OR STORAGE CELLS AND BATTERIES 

Storage cells or batteries are used extensively for many purposes, 
some of which are : 

1. Automobile and truck ignition, starting, and lighting. 

2. Farm lighting. 

3. Train lighting. 

4. Radio-receiver operation. 

5. Reserve and auxiliary lighting and power service in central power stations, 

6. Motor power for vehicles, tmcks, mine locomotives, and so on. 

7. Railway-signal and switch operation. 



Fit). 175. - Load-typo storago-noll construction. 


177. Kinds of Storage Cells. — ^Thc two typos of secondary colls are 
the lead-acid cell (Fig. 175) and the Edison or nickcl-iron alkaline cell 
(Fig. 176). The e8.s(!ntial parts of the former are: (1) positive plates of 
lead dioxide (PbOj), (2) negative plates of sponge lead (Pb), (3) electro- 
lyte of dilute sulphuric acid (H 2 SO 4 ), (4) wood or threaded rubber 
separators or insulators, and (5) rubber or glass container. 

178 
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The Edison cell consists of (1) positive plates of nickel oxide (Ni203), 
(2) negative plates of iron (Fe), (3) electrolyte of potassium hydroxide 
(KOH), (4) har^-rubber insulators, and (5) nickel-plated steel container. 

178. The Edison Cell. — ^The Edison storage cell is not used so exten- 
sively as the lead-acid type for the following reasons: 

1. It lias a low discharge voltage (1.2 volts); therefore, more cells are necessary to 
obtain a desired circuit voltage. 

2. Its current output and efficiency are greatly reduced at low temperatures. 

3. Its maximum, short-interval discharge rate is comparatively low for a battery 
of given voltage and capacity. 
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Fig. 176. — Edison-type storage-cell construction. 


Some advantages of the Edison cell are: 

1. It is not injured by remaining in a charged or discharged condition for a long 
time. 

2. It is rugged in construction and will withstand severe vibration. 

3. It does not give off corrosive gases. 

4. It is light in weight. 

5. It is not injured by excessive charging and discharging rates. 
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LEAB-XyPE BATTERY CONSTRUCTION AND OPERATION 

179. Plates. — The active positive and negative materials in the 
lead-acid cell are in the form of rectangular plates. A number of positive 
plates are connected together to form what is known as a positive group 



Eiq. 177. Fw. 178. 

Fig. 177. — Positivo-plato group for load-typo coll. 
Fig. 178. — Nogativo-plato group for load-tyi>o coll. 


or element (Fig. 177). In a similar manner, a negative group is made up 
of several negative plates (Fig. 178). The two groups arc then placed 
together (Fig. 179), so that the positive and negative plates alternate. 
Since it is necessary to have a negative on each side of a positive, there 
must be one more of the former, and the total plates per cell will be an 



Fio. 179. Fio. 180. 

Fig. 179.‘“-Coxnplot© plato a8«omldy for load-typo colU 
Fig. 180.“-“«A plato grid for a Fauro-typo plat©. 


odd number. Separators or insulators, as dcsoribod later, are inserted 
between all plates. 

180. Plate Construction and Manufacture. — Since the active materials 
in both the positive and negative plates are of a brittle nature and have 
little mechanical strength, a framework made of some neutral metals is 
necessary to hold them in place. This cellular frame (Fig. 180), made 
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of a lead-antimony alloy, is known as a grid. There is considerable 
variation in the grid construction, as used by different manufacturers, 
but in ah cases the purpose is the same, namely, to prevent the active 
materials from cracking and falling out^ of the plate and thereby reducing 
the cell output. 

Two different methods or processes are used in manufacturing plates 
and the latter are designated accordingly as either Plants or Faure, after 
the name of the man inventing the process. The Plants was the first one 
evolved, ft consists of filling the grid structure with pure lead and then 
subjecting the plate to an electrochemical action that converts a thin 
surface layer into lead dioxide (Pb 02 ). 

This being the active positive mate- 
rial, the plate, if it is to be a positive 
one, is ready for use. Negative plates 
are formed from these positives by 
reducing the lead dioxide to sponge 

Although only the surface layer of 
a Plant6-type positive plate has been 
converted to lead dioxide when it is 
first put into use, the remaining 
unchanged material that is still plain 
lead is gradually converted as this 
outer layer sheds off. In order to 
secure the desired current-generating 
capacity, as well as a reasonable 
length of life, the plates are made 
unusually thick and with a roughened 
or grooved surface to secure the greatest possible exposure. Figure 181 
illustrates a Plant4-type plate used in a farm lighting battery. 

In manufacturing Faure plates the active material, in paste form, is 
pressed into the grid and allowed to harden. The materials as pasted 
into the grids are red lead (Pb 304 ) for the positive, and litharge or lead 
monoxide (PbO) for the negative, mixed with sulphuric acid and water 
into a stiff paste. When pressed into place the paste hardens like cement 
and adheres to the ribbed structure. At this stage the positive plate 
will be bright red in color and the negative a yellowish gray. 

The plates are then subjected to an electrochemical process known as 
forming y which consists of submerging them in sulphuric acid and 
water and sending a direct current through them, the current flowing in at 
the positive plate and out at the negative. This process converts the 
active material of the positive plate into lead dioxide, which is chocolate- 
brown in color and that of the negative into gray spongy lead. 



Fig. 181. — A Plant4-type plate. 
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Faure-type plates are used more extensively than the Plants type for 
the reason that they can be made thinner. Therefore, the cell or battery 
will be smaller and lighter. Vehicle-type storage batteries are of the 
Faure type exclusively. The batteries supplied with some farm electric- 
lighting plants have Plantd-type positive plates and Faure negative 
plates. The former can be identified by their extreme thickness which is 
often as much as Kq in- The Faure negatives are about %6 in. thick. 

The size, thickness, and number of plates per cell vary (joirsiderably 
according to the purpose for which the battery is to be used. Further 
information concerning these items is given in th(' discmssion of Battery 
Ratings and Capacity. 



Fia. 182. Fiq. 18H. 

Fig. 182. — A wood st'iRindor for a kiud-typo oolL 
Fig. 183.'-~A t.hr<;u(lc<l-ru))l)(‘r Hppiirat.or for a l(*a(l4ypo 


181. Separators. — The purposes of (.he s(‘i)ai'ators is to act as insulators 
between the plates, preventing thenn froip coming in (‘.ontac.t with each 
other and creating a so-called inbTiial short circuit. At t!u>. same time, 
they permit tlie clectrolytci to peiK'trate or puss tiirough and come in 
contact with tlics entire plate surfa(a! and i.o (;ircula(.(^ fr(‘(!ly. Separators 
are usirally thiir wood shocits (uit slightly largcir than ttu^ plates and 
grooveuj on oiui side (Fig. 182). Cedar, cypress, redwood, fir, and i)Ot)lar 
give the best results. In addition to being machi of ehiar, high-grad(! 
matc'iial, wood sciparators an^ eandully treated with ec^rtain (diemic^als to 
remove any impurities and to incrciasci their porosity. 

A so-called threaded-rubber separator (Pig. 188) uscid by one manu- 
facturer consists of a thin sheet of nibher-t^omposition matc^rial, which is 
finely perforated. Each perforation (sontains a fine, short thread which 
acts as a wick and thus permits thorough diffusion of tin; cdectrolyte. 
These separators are of about the sanui thickness as the wood type and 
likewise grooved on one side. This corrugated surface is always placed 
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next to the positive plate with the grooves running vertically. The 
purpose of the grooves is to permit the sediment forming on the positive- 
plate surfaces, during the charging and discharging action, to settle to 
the bottom of the cell container. The advantage claimed for the 
threaded-rubber separator is that it lasts longer than the wooden 
separator for the reason that the acid electrol3rte does not attack 
and weaken it so readily. These rubbfer separators should 
not be confused with the thin, perforated, rubber sheets, 
known as retaining walls (Fig. 184), which are often used 
with wood separators and are placed next to the positive 
plate. They are about J-^4 in. in thickness and serve to 
prevent the active material of the plate from dropping out. 


Fig. 184. Fig. 185, 

Fig. 184- — A perforated-rubber retaining wall for the lead-type cell. 

Fig. 185, — Hydrometer syringe for determining the gravity of the electrolyte. 

182. The Electrolyte. — The electrolyte used in the lead-acid cell con- 
sists of a mixture of about 2 parts of chemically pure, concentrated 
sulphuric acid (H2SO4) to 5 parts of distilled water by volume. The 
concentrated acid will have a specific gravity of 1.835 but the diluted 
mixture of the above proportions will drop to about 1.300 at 70°F. Some 
types of storage batteries, particularly farm light-plant batteries, use 
even a weaker solution than this, its specific gravity, when the cells are 
fully charged, varying from 1.220 to 1.250. 

The usual method of determining the strength of the solution is to 
test it by means of a hydrometer syringe, as shown in Fig. 185. The 
hydrometer itself is placed inside the syringe so that it is only necessary 
to insert the latter in the cell, draw out some of the liquid, make the 
reading, and squirt the liquid back into the cell without removing the 
syringe nozzle. The ordinary battery hydrometer is graduated from 
1.100 to 1.300, which is the maximum range of variation of the electrolyte 
between a completely discharged and a fully charged condition. Table 
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XI gives the conditions present in a battery at different stages of charge,' 
assuming the surrounding temperature to be 70°F. 


Table XL — Chabacteeistics op Leak-acid-ttpb Stoeagk Cells at Different 

Stages op Chaegb 


. Condition of battery 

Specific 

gravity 

Cell 

voltage 

Freezing 
point, °F 

Fully charged 

1.230 to 1.300 

2.2 

~90 

Three-quarters charged 

1.200 to 1.250 

2.1 

' -60 

One-half charged 

1.190 to 1.220 

2.0 

-20 

One-quarter charged 

1.175 to 1.190 

1.9 

Zero 

Completely discharged 

1 . 150 or les*s 

1.8 
or less 

-20 


183. Container. — The container for the load-acid coll is made either of 
a hard-rubber composition material (Fig. 175) or of glass (Fig. 186). For 
automobile and radio work the former is preferred because it will with- 



Fia, 186. — ^Lead«typo storago-coll coiistnictioii for farm-lighting battery* 


stand jars and light shocks when carried about. Glass is preferable for 
light-plant batteries, which are not moved about and thus subjeettid to 
possible cracking and breakage. The glass jar has the advantage of 
permitting better observation of the cell contents and its condition. 
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The tops of both the rubber and the glass-jar cells are covered with a 
rubber-composition material and sealed with a tarry, acid and waterproof 
compound. This cover has a vent or opening that permits testing of 
the electrolyte and refilling the cell. The vent plug is provided with one 
or more small holes, which allow the escape of gas formed during the 
charging and discharging action. 

184. Chemical Action in the Lead-acid Cell. — ^As already stated, the 
active materials in a lead-acid cell, when fully charged, consist of the lead 
dioxide (Pb02) or positive material, the sponge lead (Pb) or negative 
material, and the dilute sulphuric acid solution, or electrolyte (H 2 SO 4 ). 
If the terminals of such a cell are connected by a conductor so that an 
electric current will flow, the cell is said to be discharging, and the chemical 
action takes place as follows: 

Pb02 + Pb + 2 H 2 SO 4 = 2 PbS 04 + 2 H 2 O 

(Lead dioxide + lead + sulphuric acid = lead sulphate -j- water) 

Thus, during discharge, the active materials in the plates are changed 
to lead sulphate, a light-gray compound of somewhat greater volume, 
and, consequently, the plates swell and tighten. 

Likewise, some of the acid is consumed in the formation of the 
sulphate, and there is an increase in the water content of the electrolyte 
so that the latter becomes weaker and lower in specific gravity. It is not 
possible for a cell to discharge until all the active materials in the plates 
are converted to sulphate; the action is confined largely to the surface 
layer. 

The initial voltage of a fully charged lead-acid cell in good condition 
is about 2.2, while the average cell will show a voltage of about 2. The 
minimum permissible voltage for a discharged cell is 1.7. Although a 
further discharge is possible, the current output is low and the life of the 
cell is apt to be shortened. 

The variation in voltage of the lead-acid cell, according to its condition 
of charge, might seem to offer a convenient means of determining the 
stage of charge, but such is not the case for the reason that the change is 
merely a fraction of a volt. Obviously, a very delicate and extremely 
accurate testing instrument would be required. However, this voltage 
variation does provide a possible check on the general condition of a cell; 
that is, the electrolyte, when tested for specific gravity, may indicate that 
the cell is in a fully or partly charged condition, but, if the voltage is 
checked and found to be below normal, something else is wrong with the 
cell. Nevertheless, since there is a marked and uniform drop in the 
specific gravity of the electrolyte, owing to the formation of water and the 
absorption of the acid during the discharging process as already described, 
the measiuement of the specific gravity serves as the most convenient, 



186 


FARM GAS ENGINES AND TRACTORS 


accurate, and satisfactory means of determining the state of charge of a 
cell or battery. 

When a battery is charged, the chemical reaction is opposite to that 
during discharge, as shown by the following equation: 

2PbS04 + 2 H 2 O = PbOi + Pb + 2 H 2 SO 4 

(Lead sulphate + water = lead dioxide + lead + sulphuric acid) 

Thus, the electrolyte gradually assumes its former concentration and 
the stage of charge, whether half charged, full charged, and so on„ can 
be readily determined by means of the battery hydrometer (Fig. 185). 
When a fully charged condition is reached, the specific gravity of the 
electrolyte will not increase further, and noticeable or violent gassing will 
take place in the cell due to the breaking down of some of the water into 
hydrogen and oxygen. Excessive gassing and bubbling in a cell or bat- 
tery are a positive indication that it is completely charged, provided it 
is in good condition in other respects. 

186. Effect of Temperature on Specific Gravity of Electrolyte. — In 
determining the specific gravity of the electrolyte in any storage cell, its 
temperature should be about 70°F., or else a correction should be made, 
according to the existing temperature, for the reason tliat the liquid will 
expand or increase in volume and liav(i a lower spectfic gravity at high 
temperatures; or will contract and have a ingher specific gravity at low 
temperatures. For the lead-acid battery, the sixaific-gravity readings 
for cells in various stages of charg(^, as givcm in Table XI, are always 
assumed to be taken at 70°F. A variation of 3°F. will produce a variation 
of 0.001 in the hydrometer reading. The usual rnh^ is: For each 3°F. 
above 70°F., add 0.001 to the observed hydrometer rc^ading, or for each 
3“F. below 70°F. subtract 0.001 . The result will be th(^ spcicific-gravity 
reading if the temperature of the ehictrolyte were 7()°F. For (^xampk;, if 
the temperature of the ole<!trolyt(! is 85®F. and its specific gravity 1.190, 
the latter corrected to 70°P. would be 

85 — 70 

1.190 -t- X 0.001 = 1.195 

186. Size, Rating, and Capacity.- —Btorag(' batte^i(^s ar(! rated acicord- 
ing to (1) voltage and (2) anqxirc-hour capacity. As alrcuuly explained, 
the voltage of either the Edison or the lead-acid c‘,cil varicis only slightly 
with its condition of charge, the avetrage disciiargc* voltage of the former 
being considered as 1.2 and of the latter 2.0 volts, 'riie total voltage 
rating of a battery, therefore, dcipends only upon the; type of cell and the 
method used in connecting them,- that is, for c-.ells c^onnected in series it 
would be: 
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Number of cells X 2 (for lead-acid battery)* 

Number of cells X 1.2 (for Edison battery). 

For a number of cells connected in parallel, the voltage reading would 
be about 2.0 for the lead-acid battery or 1.2 for the Edison type, regard- 
less of the number of cells in the battery. Figure 187 shows 32 lead-acid 
cells connected in multiple series; that is, each of the two sets A and B 
consists of 16 cells connected in series, and, therefore, has a voltage of 
32. Since A and B are connected in parallel, the total battery voltage 
is likewise 32. 

187. Ampere-hour Rating or Capacity. — It is frequently convenient 
and necessary to designate in some manner the size and capacity of 
storage batteries used for various purposes. This is done by giving 





Fig. 187. — Two 16-cell storage batteries coanected in multiple series. 


them a certain ampere-hour rating. For example, suppose that a given 
battery is rated at 60 amp.-hr. This means, theoretically, that when in 
good condition and fully charged, it will deliver 60 amp. for 1 hr., or 
30 amp. for 2 hr., or 20 amp. for 3 hr., or 10 amp. for 6 hr., or 7.5 amp. for 
8 hr., or 5 amp. for 12 hr., and so on, when it will be completely discharged. 
In other words, its 1-hr. discharge rate would be 60 amp. ; its 2-hr. rate, 
30 amp.; its 3-hr. rate 20 amp., and so on. Practically, however, 
the battery would not deliver 60 amp. for 1 hr. or 30 amp. for 2 hr. or 
even 10 amp. for 6 hr. In other words, the ampere-hour capacity of any 
storage battery actually varies greatly, depending upon the rate of 
discharge in amperes per hour. The lower the rate becomes, the longer 
the period during which it will discharge at that rate and the greater its 
total ampere-hour capacity up to a certain limit. This is best explained 
by reference to the curves (Fig. 188). 

It is the usual practice to base the ampere-hour rating of a battery 
upon the 8-hr. discharge rate; that is, a 60-amp.-hr. battery, when fully 
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charged, should supply a current of 7.5 amp. for 8 hr.; an SO-amp.-hr. 
battery, 10 amp.; a 160-amp.-hr. battery, 20 amp.; and so on, when 
discharged to a voltage of 1.75 volts per cell. As already explained, a 
battery may be discharged at a rate greater than the 8-hr. rate but such a 
discharge rate should not be maintained for more than a few minutes at 
a time for reasons that will be explained later. 

Another method of rating storage batteries used with farm light 
plants is known as the 72-hr. intermittent rating. It is based upon a 
discharge rate equal to one-twenty-fourth of the battery rating and a 
final -voltage of 1 .75 volts per cell. The discharge is intermittent, involves 
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three rest periods, and covers a total period of 72 hr. as follows: discharge 
for i hr., rest for 16 hr.; discharge for 8 hr., rest for 16 hr.; discharge for 
8 hr., rest for 16 hr.; discharge for 4 hr, I’ho intermittent rating of a 
given battery is usually 25 to 35 per cent higher than the 8-hr. rating. 

The watt-hour rating as used by some manufacturcirs is obtained by 
multiplying the ampere-hour rating by the battery voltage. 

Since nearly all storage batteries consist of a number of cells connected 
in series, the ampere-hour capacity and rating of the battery are the 
same as the capacity and rating of the individual cells. It is primarily 
dependent, therefore, upon the size and number of plates per coll, because 
the greater the size or number of plates or both, the greater the total 
plate surface and the quantity of active matcirials available for generating 
electricity. This is best explained by reference to Table XII, which lists 
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the various plate dimensions and sizes of batteries for farm-lighting plants 
as supplied by one manufacturer. Other factors affecting the ampere- 


Tablb XII. — Numbeb and Size of Plates and Eating of Pabm Light-plant 

Battehibs 


Typei 

Number 
of plates 
per cell 

Capacity, 

ampere-hours 

Capacity, watt- 
hours for 16 cells 

Size of 

plates, inches 

Thickness of 
plates, inches 

Weight 
per cell, 
pounds 

Inter- 

mittent 

rate 

Eight-hour 

rate 

Inter- 

mittent 

rate 

Eight-hour 

rate 

1 

Height 

Width 

Posi- 

tive 

Nega- 

tive 

XLT-6 

6 

65 

44 

2,080 

1,408 

5K 

5% 

^2 

Me 

20 

XLT-7 

7 

95 

66 

'3,040 

2,112 

5 % 

5H 


Me 

31 

XLT-9 

9 

128 

88 

4,096 

2,816 

m 

5H 

^2 

Me 

41 

XLT-11 

11 

160 

110 

5,120 

3,520 


5H 

3^2 

Me 

43 

FLT-9 

9 

205 

140 

6,560 

4,480 

8 

6K 

H 

Me 

59 

HiT-ll 

11 

255 

175 

8,160 

5,600 

S 

6H 

H 

Me 

62 ■ 

FLT-13 

13 

305 

210 

9,760 

6,720 

8 

6M 


Me 

75 

FLT-15 

15 

355 

245 

11,360 

7,840 

8 

6H 

K 

Me 

79 

#FLT-17 

17 

405 

280 

12,960 

8,960 

8 

6M 


■ Me 

83 


1 Manufacturer’s designation. 


hour capacity are thickness of plates, porosity of plates and separators, 
quantity and density of electrolyte, and temperature. 

188. Automobile Battery Sizes and Ratings. — ^Automobile batteries, 
in most cases, consist of three cells and, therefore, have a voltage rating 
of 6. The plates are ^4 to K 2 iii- ii^ thickness, somewhat thinner than 
those used for farm lighting service, for the reason that an automobile 
requires a battery having a comparatively low capacity but capable of 
supplying a high discharge rate for very short periods, namely, when 
operating the starting motor. 

The size is determined by the number of plates per cell, which varies 
from 13 to 21, and the number of plates in turn determines the capacity in 
ampere-hours. The present standard method of rating automotive-type 
batteries as established by the Society of Automotive Engineers is as 
follows: 

Batteries for combined starting and lighting service shall have two ratings 
except as noted. The first rating shall indicate the lighting ability and shall be 
the capacity in ampere-hours of the battery when it is discharged continuously 
to an average final terminal voltage equivalent to 1,75 per cell at the 20-hr. rate 
for passenger car and motor truck service and at the 6 -hr. rate for motor coach 
service. The temperature of the battery at the beginning of such discharge shall 
be exactly 80°F., and an average temperature of 80°F. shall be maintained during 
discharge with a maximum variation of ± 5 °F. New batteries shall meet these 
ratings on or before the third discharge when discharged at a rate in amperes 
obtained by dividing the rated capacity in ampere-hours by the number of hours 
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at which the rating is specified. The second rating shall apply only to batteries 
used in passenger car and motor truck starting and lighting service. This rating 
shall indicate the cranking ability of the battery at low temperatures and shall 
be (1) the time in minutes when the battery is discharged continuously at 300 amp. 
to a final average terminal voltage equivalent to 1.0 volt per cell, the tempera- 
ture of the battery at the beginning of such discharge being 0®F.; and (2) the 
terminal battery voltage 5 sec. after beginning such discharge. New batteries 
shall be prepared for this test by giving them, a complete charge followed by an 
initial discharge for 5 hr. at a rate in amperes equal to one-sixth of the 20-hr. 
rate in ampere-hours specified for the respective sizes and types of batteries. 
This discharge shall be made while the battery is at a temperature of 80°F. 
following which the batteries shall be fully charged and then placed in an atmos- 
phere of 0®F. ± 1°F. for not less than 24 consecutive hours prior to discharge 
at 300 amp. at 0°F. 

189. Battery Efficiency. — The efficiciu^y of a storage battery, like 
that of any similar chemical or mechanical energy-produedng device, is 
the ratio of the energy output of the battery when discharged to the 
energy input when charged. This energy output and ini)ut may b# 
expressed either in ampere-hours or in watt-hours; that is, 


. , ^ . output in ann)ero-hours 

Ampere-hour emcicncy = * 

^ input in ampere-hours 


or 


Watt-hour efficiency 


output in watt-hours 
input in W'att-hours 


The efficiency of tlie lead-acid battery dcqxmds upon several factors, 
such as (1) rate of discharge, (2) condition of platens, (3) tennperature, and 
(4) internal resistam^e. For a battciry in good (‘.ondition and discharged 
at a normal rate and temperature, it may be 80 to 85 p(^r cent. High 
discharge rates and low t(Mnperatiir(\s temd to lowest the (efficiency. 

190, Battery Charging, — As jinniously statced, a scecondary cell or 
battery is so designated because, wlum discbargcMl, it (;an be restored to 
its original condition or rcuiiargcMl by sending an (i(Kttric curnmt through 
it in a direction opposites to that of the curre^nt flow during disciiargc^. 
Also, as already (explained, the charging pnxKiss is an electrochemical 
action that (jonverts the ac^tivc materials into their original form. To 
charge any battery the following conditions must be obscrv(Hl: 

1. Direct current only can bo used. TIuh may bt? supplied in a miinbcr of waya 
as described later. 

2. The flow of the current through th(i battery in charging must be opposite to 
that during discharge. Therefore, the polarity of the charging circuit must be known, 
and its positive and negatives tcjrminals connected to tlu^ positives and m^gativc termi- 
nals, respectively, of the battery. 
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3. Tiie voltage of the charging circuit must be greater than that of the battery, 
but not excessive. A charging voltage equal to about 2.5 volts per cell is recom- 
mended to obtain the correct charging rate in amperes. If the voltage of the charging 
circuit is too low, the rate will be decreased and a longer time required to fully charge 
the battery. A charging voltage less than the battery voltage will obviously discharge 
rather than charge the battery. A charging voltage greater than 2.5 tot 3.0 volts per 
cell will charge the battery at too high a rate and result in heating and permanent 
injury to the materials. 

191. Methods of Charging Batteries. — Some of the usual methods and 
devices used for charging storage batteries are as follows: 


1. By a direct-current generator driven by an internal-combustion engine. Exam- 
ples: (1) All automobiles are equipped with a small direct-current generator, which 
charges the battery whenever the engine is running beyond a certain speed. (2) The 



Fig. 189. — A constant-potential battery-charging outfit. 


common battery-type farm lighting plant usually consists of a small high-speed 
engine directly connected to a direct-current generator, which may be operated 
whenever the battery needs charging. 

2. By a special battery-charging outfit or motor generator set consisting of an 
alternating-current electric motor driven by current from a central power station and 
connected directly to a direct-current generator, which generates and supplies the 
necessary charging current. Example: The common battery-charging sets (Fig. 189) 
as used in automobile battery service stations. 

3. By means of a rectifier in connection with an ordinary alternating-current 
supply line.. The rectifier converts the alternating to direct current. There are a 
number of different types available. Their use is confined largely to ' ' home charging ” 
of radio batteries. 

4. By means of a high voltage (110 or 220 volts) direct-current supply line, from 
a large power plant. This high-voltage direct-current service, ‘being seldom avail- 
able, is consequently little used. 

192. Charging Rate. — The rate in amperes at which the current flows 
when a storage battery is being charged is known as the charging rate. 
Obviously, the higher the charging rate for a given battery, the shorter 
the time required to charge it. On the other hand, an excessively high 
charging rate may cause permanent injury because of the heating effect 
on the plates and cell contents. 
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During the early stages of the charging process, a higher rate of charge 
is permissible. As the battery becomes partly charged and bubbling or 
gassing is observed, the rate should be reduced until, near the end and 
during the last few hours, it is less than one-half of the initial rate. A 
safe rule to follow in the case of a completely discharged battery, which 
is in good condition otherwise, is to determine or estimate its ampere-hour 
rating and start charging it at a rate equal to one-eighth of this capacity, 
continuing until gassing begins and then reducing the rate about one-half 
and completing the charge. This method will require from 12 to 24 hr. 
of continuous charging. 

A method of charging automobile batteries, which is now in extensive 
use in battery service stations, is known as the constant-potential method 
and permits the complete charging of a battery in about 8 hr. A constant 
voltage equal to about 2.5 volts per cell is applied to the battery. Since 
the resistance of the discharged battery is low, the initial charging rate 
will be high but no harmful effects are produced. As the battery charges 
and the resistance increases, the applied voltage remaining cotistant, the 
charging rate drops or tapers off during the final hour or two of the 
charging period. A typical layout for constant-potential charging is 
illustrated by Fig. 189. 

193. Equalizing Charge. — After a battery has been given a complete 
charge, it may be found that the specific gravity of the electrolyte in one 
or more cells is considerably lower or higher than that of the others. 
This might be caused by (1) exoxissive evaporation of the oksc.trolyte, 

+ (2) spilling or leaking out of the elec- 

^23 trolyte, (3) acid added at some time 
iirstead of water to rtiplace evapora- 
tion, (4) excessive sulphation, and (5) 
incomplete charge. 

If a cell tests too low, the levci 
of the ekictrolyte should be made to 
c.orresr)ond with the others and the 
complete battery giv(m an overcharge 
at a low rate for a few hours until 
the cell or (lells in qu(!stion niaeii thee 
same speeific gravity. This is known 
as an equalizing charge. If there is no change theiii, it is advisable te) 
replace the electrolyte with a fresh mixture of the correct strength. 
High-voltage batteries consisting of a large number of eiclls sueii as farm 
lighting-plant- batteries should be tested at least e)ne!e a month, and, if 
necessary, given an equalizing charge. This will insure a maximum 
period of service and leas trouble. 
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194. Hints on Battery Charging. — ^When a battery is connected to a charging 
circuit, care must be taken to connect it correctly, that is, the positive terminal of the 
circuit to the positive of the battery, and negative to negative. If the battery termi- 
nals are not marked or otherwise distinguishable, wires may be attached to them and 
the other ends immersed in a glass of water (Fig. 190) containing a small amount of 
common salt in solution. The ends of the wire shouM not touch. Bubbles will be 
seen to form on the end of the wire attached to the negative terminal of the battery. 
If a battery is not properly connected for charging, it will discharge further and the 
plates will be seriously injured. 

It is not advisable to add water. to the electrolyte in a completely discharged 
battery unless the electrolyte is below the top edge of the plates and they are exposed. 
The charging action increases the volume of the electrolyte; therefore, if too *much 
water is added, the solution may bubble up into the filler opening or even run over. 

Each cell in a battery should he tested by means of a hydrometer every 3 to 5 hr. 
to determine the progress of the charging action. Little change may occur during the 
first few hours, but, if the cell is taking the charge, bubbling will eventually take place 
and, near the end, excessive bubbling or gassing should develop. When gassing 
begins, the charging rate should be low and the charge should not be continued more 
than 1 or 2 hr. longer, unless one or more cells have failed to come up with the others. 
Continued charging, after gassing begins, lowers the level of the electrolyte, causes 
heating of the cell, and may injure the plates. A battery is fully charged when all 
cells are gassing freely and the specific gravity and voltage have reached a high value 
and show no further change. 


BATTERY TROUBLES 

195. Siilphation. — The life of any storage battery is dependent upon 
the care and attention it receives. Maximum service should not be 
expected from a storage battery of any kind if it is not inspected and 
checked up periodically. Perhaps the most common cause of short life 
is sulphation, which results from a protracted discharged condition. As 
already mentioned, during the normal discharging process, the active 
material in the plates is changed to lead sulphate (PbS04) which, in turn, 
is converted back into lead dioxide and lead when the cell is recharged. 
However, if the cell or battery is permitted to remain in a discharged 
condition for any length of time, this sulphate gradually hardens and is 
not readily converted to its former state. The longer the cell remains 
uncharged, the more diflficult it is to recharge it. A badly sulphated cell 
or battery can be recharged only with difficulty, if at all, and then seldom 
regains its original effectiveness. 

196. High Charging and Discharging Rates. — Excessive charging or 
discharging rates for periods exceeding a few seconds or minutes are 
injurious to storage batteries in that heat is generated, which causes 
warping or buckling of the plates and thereby loosens the active material 
and reduces the life and efficiency of the battery. As previously stated, 
it is important that a battery be charged or discharged only at a certain 
rate based upon its capacity in ampere-hours. 
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197. Other Causes of Battery Troubles. — Other common causes of 
battery troubles are: (1) failure to keep electrolyte at proper level and 
over tops of plates; (2) use of undistilled or impure water for replenishing 
electrolyte; (3) dirty, badly corroded, or loose connections and terminals; 
and (4) use of too strong acid for replacement of electrolyte. 

198. Care of Batteries When Not in Use. — The care of a battery that is not to be 
used for some time depends upon the length of the period of disuse. If it is only for a 
few months or a year, it may be stored “wet,” so to speak, that is, it should be given a 
full charge at the beginning of the idle period and recharged at a low rate at the end of 
each month, if possible. 

If the period of disuse is a year or more, “dry” storage is recommended. This 
consists of the following steps: (1) give the battery a good full charge; (2) empty elec- 
trolyte out of all cells and replace immediately with soxne pure water and allow to 
stand 5 hr.; (3) empty oxit the water and disassemble cells, removing plate groups and 
separators; (4) pour water over plates to clean theiri thoroughly; (5) allow plates to 
dry and then lay them away until needed. 

When the battery is to be used again, the following procedure is recommended: 
(1) Reassemble plate groups, using new separators if possible; (2) add fresh electrolyte 
of same strength as that discarded; (3) allow battery to stand from 5 to 10 hr. and then 
charge at a very low rate until it gasses freely. 
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CHAPTER XVII 

MAGNETS AND MAGNETISM— INDUCTION 

It has beqn fouiid that under certain conditions a piece of iron or 
steel or some iron alloy possesses the property of attracting or repelling 
other pieces of iron or materials containing this metal. This peculiar 
action or form of energy is known as magnetism^ and the metal possessing 
it is called a magnet. Other metals and nonferrous alloys, such as 
aluminum, copper, brass, bronze, tin, lead, zinc, and so on, do not have 
this property and are therefore termed nonmagnetic. 



Fig. 191. — Steel-bar and horseshoe magnets showing magnetic field. 


199., Nature of Magnetism. — Soft iron of a more or less pure form 
absorbs or takes up magnetism readily and in greater quantity, so to 
speak, but retains this property only while the magnetizing force or 
medium is very near or acting upon it. In other words, soft or pure iron 
forms what is known as a temporary magnet Steel and alloys containing 
iron are not magnetized so readily, but when once so treated, retain this 
property to a certain degree even after the magnetizing medium has been 
removed. The common bar and horseshoe magnets (Fig. 191) are, 
therefore, made of hard steel and are known as permanent magnets. The 
well-known magneto magnets are likewise permanent magnets and are 
made of a very high grade steel alloy. 

200. Characteristics of Magnetism. — If a steel-bar magnet is held 
under a piece of cardboard (Fig. 192), on which has been placed a thin 
layer of iron filings, and the cardboard is tapped gently, the filings will 
assume a rather definite arrangement and form more or less distinct lines, 
which radiate from one end of the magnet to the other. The attraction 
appears to be greater at the ends or poles of the magnet but also exists 
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in the space around it between the poles. This space about a magnet in 
which there exists more or less attraction for other pieces of iron is known 
as the magnetic field. When iron filings are held over a U-shaped or 



Fio. 192. E’lo. 193. 

Fig. 192. — ^Linea of magnetic force around a bar magnet as shown by iron filings. 

Fig. 193. — Effect produced by a magnet hold under a glass plate which is covered with 
iron filings. 


horseshoe magnet (Fig. 193), a similar effect is produced, and a magnetic 
field likewise exists. 

If a pocket compass is brought near an ordinary bar magnet, the end 
of the needle, which ordinarily points north, will be attracted by one pole 



Fig. 194.— Polarity of a bar magnet as indi<!atod by a comi>a^s. 


of this magnet but will bo repcdled by the other pole, as shown in Pig. 194. 
The end of the magnet attracting the north end of the needle is called the 
south -pole and the end repelling the north end of the needle is known as 
the Twrth pole of the magnet. It is likewise observed that the lines of 
force about the magnet flow from north to soiith. 
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If the north poles of two steel magnets are brought close to each other 
(Fig. 195), and iron filings are sprinkled on a cardboard held over them, 
the filings will arrange themselves as shown, indicating that there is a 
repulsion or repulsing effect. On the other hand, if a north pole of one 
magnet is brought close to the south pole of the other (Fig. 196), there is a 
very strong attraction and the filings arrange themselves differently. In 



Fig. 195. — The repelling effect of like poles. 


other words, it can be said that like poles repel, and unlike poles attract 
each other. 

If a piece of soft iron is brought near to a permanent steel magnet, the 
soft iron itself becomes a magnet and the lines of force tend to concentrate 
themselves in it. If the soft iron is removed, however, it does not 
retain its magnetism. If, instead of a piece of soft iron, a piece of unmag- 
netized soft steel is placed near a permanent steel magnet, as previously 



Fig. 196. — The magnetic attraction produced by unlike poles. 


described, the piece of soft steel, upon removal from the magnet will, 
perhaps, retain a small amount of magnetism, known as residual mag-- 
netism. The ability to retain this residual magnetism is known as 
retentivity, 

A piece of very hard steel, unmagnetized, when brought close to a 
magnetized piece of steel or a strong magnet, will not take the magnetism 
so readily as soft iron, but once it becomes magnetized, it retains a 
considerable amount and is said to have better retentivity than soft iron 
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or soft steel. These characteristics of soft iron, soft steel, and hard 
steel are very important and useful in connection with the successful 



Fig. 197. — The magnetic field about a conductor of electricity as indicated by iron filings. 


operation of numerous electrical devices such as coils, magnetos, and 
electric generators. 

201. Electromagnetism. — Although magnetism and electricity are 
two entirely different forms of energy, they are more or less connected or 



Fkj. 198.-" Direction of lines of force 


related. For example, if an electric 
current m passed through a piece of 
copper or iron wire, and a portion of 
the latter dipped in iron filings (Fig. 
197), they will be attracted to it and 
the wire will have the properties of a 
magnet. When the circuit is broken, 
the filings drop off. This shows that 
the conductor of electricity has a mag- 
netic field about it. If an ordinary 
pocket compass is placed in different 
positions about a wire carrying an elec- 
tric current, and the action of the 
needle observed in these different posi- 
tions, it will be found that the lines of 
force form concentric circles about the 


about a conductor of electricity as indi- ^j^e, as showii in Fig. 198. Likewise, 
cated by a compass. •it it t. - 

it has been found that the direction 


taken by the lines of force is determined by the direction of the current 


through the wire, as shown in Fig. 199. 
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If a certain length of wire is made into a coil, as in Fig. 200, and the 
current passed through it, the lines of force about each turn of wire in the 
coil will combine to form a concentrated or strong magnetic field about 
the entire coiL Such a coil of wire through which an electric current is 
flowing is known as a solenoid and possesses the same properties as a 
piece of magnetized steel; that is, it has a north and a south pole and a 
magnetic field around it. If the current is suddenly broken or ceases to 
flow, the magnetism likewise disappears. 



LEFT END VIEW (CURRENT FU)WIN6 FROM RISHTENOVIEW 
(CURRENT 60INS IN) LEFT TO RI6HT) CURRENT S01N6 OUT 

Fig. 199. — Effect of direction of flow of current on lines of force. 


The polarity of a solenoid depends upon the direction of flow of the 
current through the wire, and may be determined ks follows if the direc- 
tion of flow is known: Grasp the coil with the right hand, with the fingers 
pointing around the coil in the direction of the current flow. The thumb 
will then point toward the north pole. The polarity can likewise be 
determined by means of an ordinary compass in the same manner that 
the polarity of the steel magnet is determined (Fig. 194). 



Fig. 200. — The magnetic field about a coil of wire carrying an electric current. 

202. The Electromagnet. — If the end of a piece of soft iron is brought 
near a coil or solenoid, consisting of many turns of insulated wire, and a 
current is passed through the coil, the iron will be attracted and drawn or 
sucked into the center of the solenoid (Fig. 201). The soft iron thus 
becomes magnetized and is known as an electromagnet and possesses the 
same characteristics as an ordinary steel-bar magnet. Owing to the fact 
that the soft iron is extremely magnetic and readily magnetized, the lines 
of force tend to concentrate in this iron core, and the coil becomes much 
stronger, magnetically, than without the iron core. If the core of soft 
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iron is withdrawn, this iron will lose its magnetic properties. A steel 
core would not produce so strong an electromagnet because steel does not 
take up magnetism as readily as soft iron. 

The strength of such an electromagnet depends upon two factors, 
namely, the number of turns of wire around the core making up the coil, 
and the quantity of current flowing in the wire in amperes; that is, the 
greater the number of turns of wire and the greater the current flow in 
amperes, the stronger the electromagnetic fleld and the electromagnet 
produced. 

203. Induction. — In the preceding discussion it has been shown that a 
conductor of an electric current has a magnetic field existing about it as 


\ 



Fkj. 201.— a simple oloctromagnot- 

long as the current flows. Now, if the action is reversed and, in some 
manner, a magnetic field is suddenly set up about a conductor of elec- 
tricity, an electric current will flow in the conductor just at the instant 
the field builds up. Again, if a magnetic field existing about a conductor 
is suddenly reduced in strength or completely broken down, a current will 
flow in the conductor at the instant the change occurs. This peculiar 
relationship or interaction of electricity and magnetism is known as 
indiiction. 

It should not be assumed that if a conductor is merely held in a 
magnetic field of uniform strength a current will flow. Such a current is 
generated only by a change in the number of lines of force about the 
conductor. This change may be from a low to a high field strength or 
from a high to a low field strength. 
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Tig. 202, — ^Action of a simple low-voltage induction coil. 

as shown and the circuit is closed, a strong magnetic field is built up and 
exists as long as the current flows. Some of the electrical energy of the 
battery becomes magnetic energy. Now, if the circuit is quickly broken 

. a/ 6ecqnf/ary 


Incfucf/on 


fer^hn 




OS.— c 
point 


re the 
owing 
t that 


;curs. 
air ar 






202 


FARM GAS ENGINES AND TRACTORS 


this sudden breakdown of the magnetic field about the coil sets up a high 
voltage in the circuit, which produces an instantaneous flow of current. 
The magnetic energy is thus dissipated and converted into electrical 
energy again and this action is known as electromagnetic induction. 

The double-winding coil (Fig. 203) demonstrates this action in a 
somewhat more conclusive manner, perhaps, than the single-winding coil. 
Suppose that the winding attached to the battery, ordinarily known 
as the primary, is made of reasonably coarse wire and has fewer turns than 
the other or secondary winding, which is finer and has many turns. If 
the primary circuit is closed, current flows through it and sets up a 
magnetic field that also surrounds the secondary winding, since it is on 
the same iron core. Now, if the primary circuit is suddenly broken, a 
spark will jump the small gap left between the ends of the secondary. 
Thus the magnetic field which existed about this winding, although 
created by the primary winding, generates for an instant a current fiow 
in the secondary winding, due to its sudden breakdown or dissipation. 
This again is called an induced current. 

The phenomenon of induction, produced in a somewhat different* 
manner than previously described but fundamentally the same in 

IF A COIL OF WIRE IS P™ciple, is shown in Fig. 204. If the 
^ MOVED UP AND DOWN permanent steel horseshoe magnet is 

generateo'to*"flow held so that the coil of insulated 
IN THE WIRE copper wire is between its poles, a mag- 

I netic field exists about the coil. Now, 

'•j u . if the coil is jerked away in the direc- 
^ tion indicated, a voltage and resultant 
_ current flow will be gonerat(Hi for an 

Fig. Toi.-Showing principle in- “stant a« indicated by a sensitive 
volyed in generating an electric current galvanometer. Likewise, if the COil is 
by induction. quickly returned to the first position, 

a current will flow just at the instant the coil enters the field. In this 
device it will be observed that the movement of the magnet and its field 
away from the coil, or the movement of the coil away from the magnet, 
results apparently in the lines of force being cut or broken. In fact, the 
action is often so expressed, and the maximum voltage and current flow 
occur when the greatest number of lines of force are cut. 

The voltage and amount of current induced in an electric circuit 
depend upon three factors, namely, (1) the strength of the magnetic field 
about the conductor, (2) the number of turns making up the conductor 
involved, and (3) the speed or rate at which the magnetic field changes or 
breaks down. In other words, the stronger the magnetic field, the greater 
the number of turns of wire in the field, and the quicker the field strength 
changes with respect to the conductor, the stronger the voltage and 
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current induced. The principles of electromagnetic induction, as just 
described, are important and fundamental to a clear understanding of the 
action and operation of all ignition coils, magnetos, electric generators of 
all kinds, transformers, doorbells, and alarms and many similar devices. 

206, Direction of Flow of Induced Current. — Just as there is a 
definite relation between the direction of the current in a solenoid or coil 


Iw 



Fig. 205, — Effect of polarity and direction of motion of conductor on direction of current 
' flow. 
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■magnetism 


and the polarity of the electromagnet so formed, so there is also a definite 
relation between the arrangement of the poles, the direction of movement 
of the conductor thfough the magnetic field, and the direction of flow of 
the induced current. For example, referring to Fig. 205^1, it will be 
observed that if the conductor is moved downward through the field 
between the poles of the magnet, the Direction of 

lines of force are bent or distorted and induceD|Current 

assume a more or less circular form r 

about the conductor as the latter passes motion of ^ f 
through the field. The direction of -..^^irection of 

the induced current is thus determined U# ^ / magnetism 

by the direction of the circular lines of / 

force about the conductor. In Fig. y 

2065. the conductor is shown moving 206.-Right-hand. three-finger 

upward through the field, so that the method for determining direction of 
lines of force pass around it in the current, 

opposite direction; therefore the induced current flows the other way. 

A rule for determining any one of the three conditions involved, 
namely, the direction of flow of the magnetic lines of force, the direction 
of motion of the conductor, and the direction of flow of the induced 
current, when two of them are known, is called the right-hand three-finger 
rule and is illustrated by Fig. 206. 
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BATTERY IGNITION SYSTEMS 

All electrical ignition systems for internal-combustion engines are 
either one or the other of two types, namely, (1) the make-and-break or 
low-tension system and (2) the jump-spark or high-tension system. The 
current for either system may be generated chemically, that is, by means 
of a battery of some kind; or mechanically, by means of a magneto or 
similar electric generator. 

The essential functions of any electrical ignition system are, first, the 
generation of a large, hot spark in the cylinder; and, second, the produc- 
tion of this spark at the right instant in the travel of the piston. In 
other words, if a good spark is produced in the cylinder at the right time, 
the combustible mixture of fuel and air should be properly ignited. 

206. Ignition Voltage and Requirements. — An electric spark is 
nothing more or less than an electric current passing through air. In 
any electrical ignition system such a spark is produced by making the 
current flow between two points separated by a small fraction of an inch 
and forming a part of an otherwise complete electrical circuit. Since air 
and other gases are very poor conductors of electricity, an extremely 
high voltage is necessary to produce the desired spark in the cylinder of 
any engine. Furthermore, at the time that the spark is required in the 
cycle, the gaseous mixture surrounding the sparking points is under 
compression. Consequently, this mixture is considerably more resistant 
to the passage of an electric current than if it were at a lower or ordinary 
atmospheric pressure. In fact, referring to Fig. 207, it is observed that 
the voltage required to produce a satisfactory spark varies almost directly 
as the compression pressure in pounds per square inch. 

Again, the greater the width of the spark gap, the greater the voltag(>, 
necessary to make the current flow across the gap and create a desirable 
spark. This is clearly shown by reference to the curve in Fig. 207. 
Therefore, to obtain the best results, it is important to use as narrow a 
gap as possible in the spark plug or igniter and to maintain the highest 
possible voltage in the circuit. 

It has already been explained that the voltage of a single dry cell, a 
storage cell, or any similar chemical generator of electricity seldom exceeds 
2.0 volts. In view of this fact, and since voltages ranging from a few 
hundred to several thousand volts arc required if any elc(!trical ignition 
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system is to function properly, it would seem impractical to attempt to 
utilize this source of electric energy for ignition purposes. That is, to do 
so, would apparently require a large number of ceEs connected in series 
which would mean excessive cost, weight, and depreciation and, perhaps, 
considerable trouble. However, since the spark is needed in the cylinder 
at a certain instant only and need not continue flowing for any length of 
time, even for a second or less, the source of the electrical energy is not 
required to supply a steady flow of current, and it is possible to utilize the 
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Fig. 207 . — Curves showing voltage requirements for different compression pressures .and 

spark-gap widths. 

principle of electromagnetic induction, as previously explained, to increase 
or “step up” the low voltage of an ordinary three- or four-cell battery to 
the desired degree. 

207. Make-and-break System.— If four dry cells are connected in 
series and the ends of the two terminal wires are rubbed together, only a 
very fine spark will be observed. In fact, the current will not flow across 
even a very minute gap, unless the circuit is first completed and then 
broken. Now, if this battery is connected properly to a comparatively 
simple 'and inexpensive induction coil (Fig. 202), a voltage is set up that 
wiU produce a much fatter and brighter spark. It is evident, therefore, 
that the introduction of the coil and the sudden breaking- of the electrical 
circuit result in the generation for an instant of a very high voltage. 
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It miglit be said that this spark is produced indirectly and not directly 
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by the battery; that is, the battery current 
forms the electromagnet and the sudden or 
instantaneous collapse of the magnetic field 
generates a second or induced current of much 
higher voltage. The quicker the circuit is 
broken, the larger the spark, for the reason, 
as previously discussed, that the voltage of an 
induced current is dependent upon three fac- 
tors, one of which is the rate at which the 
magnetic field is cut or broken down. 

The make-and-break system of ignition 
(Fig. 209), using a battery as the source of 
current, operates more or less in the manner 
just described. The coil (Fig. 208) is very sim- 
ple in construction, consisting essentially of a 
soft-iron core, made up of a bundle of soft-iron 
wires rather than a solid piece of iron, so that 
the magneti25ing and demagnetizing action will 
take place as rapidly as possible; a layer of 



Fig. 208. — Construction of 
a low-tension or mako-and- 
break ignition coil. 


insulating material to bind the iron wires to- 
gether and separate them from the winding; a 
single winding consisting of many turns of 
insulated copper wire; a metal or fiber protec- 
tive case; and the two terminals that are the 
ends of the winding. 

The device for breaking the circuit and pro- 
ducing the spark in the cylinder is called an 


igniter. As shown in Fig. 210, it consists of a cast-iron block or frame, 



Fig. 209. — Wiring diagram for tke mako-and-break ignition system. 

flanged and drilled for bolting to the engine; a stationary pin or elec- 
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trode, insulated by mica from the igniter block and other parts; and a 
movable pin, equipped with springs to permit it to snap away or cause 
a quick separation of the points. 

The complete system for a single-cylinder engine (Fig. 209) consists of 
a battery, coil, igniter, switch, and 
the igniter-tripping device on the 
engine, operated by the cam gear 
and attached, usually, to the 
exhaust-valve push rod. The parts 
are connected to each other in 
series as shown. If the switch is 
closed the circuit will apparently 
be complete. However, the igniter 
points are held open a fraction of 
an inch during a greater part of the 
cycle in order to prevent undue 
waste of the battery current. Just 
before the spark is needed in the 
cylinder, the igniter trip arm (Fig. 

209) pushes the movable point 
against the stationary insulated 
point, and the current flows and 
builds up an electromagnetic field 
about the coil. Then, at the 
instant the spark should occur, the 
trip arm releases the movable elec- 
trode, and a large bright spark is 
produced at the points as they 
separate. A quick separation of 
the points is brought about by 
springs on the movable electrode. 

T^e body of the igniter and the 
engine frame serve as part of the 
electric circuit. Therefore, one terminal of the battery is grounded at 
any convenient metal part of the engine. 

The igniter points were formerly made of platinum, but, owing to the 
high cost of this metal, alloys of nickel, chromium, or tungsten, which are 
very hard, are now used entirely. 

Most engines equipped with the make-and-break system of ignition 
have a small hand lever of some kind by which the spark can be retarded 
for starting. This device functions so as to slightly delay the tripping of 
the igniter until the piston reaches compression dead center. Theie is also 
some simple adjustment on the tripping mechanism by which th^ time of 
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Pig. 210. — Igniter construction. 
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ignition can be changed a small amount, or reset, should it get out of time. 
Figure 211 illustrates the spark-advance and retard lever and the timing 
adjustment as used on many engines. 

208. Adaptability and Advantages of Make-and-break System. — ^The 
use of the make-and-break system of ignition is confined principally to 
farm type stationary low-speed engines. It is simple from an electrical 
standpoint and gives a good hot spark, making it particularly well 
adapted to kerosene-burning engines. On the other hand, it has certain 
disadvantages that limit its utility for multiple-cylinder high-speed 
engines. These are (1) The igniter-tripping mechanism creates more or 
less noise. (2) Frequent adjustment for wear is usually necessary, other- 



}?IG. 211. — Igniter-tripping mochanisiifi showing timing adjustment. 


wise the spark gets out of time. (3) The igniter requires a large opening 
in the cylinder necessitating the use of a gasket to prevent loss of com- 
pression. (4) The igniter cannot be removed so conveniently and easily 
as a spark plug and is more expensive to replace. 

JUMP-SPARK SYSTEM 

The make-and-break system of ignition just d cribed is known as a 
low-tension or low-voltage system because the circuit is first completely 
closed and then suddenly broken at the ignitor points and a spark pro- 
duced. The momentarily induced voltage is only 300 or 400 volts, which 
is insufiicient to make the current jump the gap of a spark plug, the spark- 
ing device used in the jump-spark system. That is, in the jump-spark 
system a permanent air gap exists between the points of the plug and, 
with the high compression pressure, a voltage of 5,000 to 10,000 is 
necessary to make the current flow across this gap and ignite the charge. 
To set up this high voltage, the principles of electromagnetic induction 
are utilized as in the make-and-break system, but a somewhat diff(irent 
and more complicated typo of c,oil is necessary. 
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The jump-spark system with battery may be subdivided into (1) the 
nonvibrating Bystem, and (2) the vibrating system, depending upon whether 
the coil used is of the non vibrating, or the vibrating type, respectively. 
The fundamental principles of each are more or less identical. 

209. Nonvibrating System. — Referring to Fig. 212, a nonvibrating 
coil is made up of a soft-iron core consisting of a bundle of soft-iron wires, 
a primary winding of about No. 16 insulated copper wire, and a secondary 
winding consisting of many thousands of turns 
of very fine insulated copper wire. In the manu- 
facture of such a coil, the wire itself that makes 
up the winding is well insulated. Likewise the 
different turns of wire are insulated from each 
other and the layers forming each winding are 
well insulated one from the other. This 
thorough insulation is necessary in order to pre- 
vent the excessive voltage generated in the coil 
winding from breaking through and creating an 
internal short circuit. In addition to thorough 
insulation, the coil is surrounded by a moisture- 
and waterproof compound and incased in a metal 
or fiber casing. The ends of the windings are 
brought through the case and fastened to the 
terminal pieces or posts. 

The operation of such a coil is as follows: If 
a battery is connected in the primary circuit, as 
shown in Fig. 203, the current flows, and forms 
an electromagnet, as previously described. If 
this battery current is now suddenly broken, the 
electromagnetism dies out very quickly and 
thereby induces a current in the primary wind- 
ing, and also in the secondary winding, for 

the reason that it likewise is in the magnetic ■ 2i2.“-Coixstmction 
field. In other words, it is not necessary that of a tpicai nonvibrating 
the secondary winding have an actual elec- ^s^ntion. 

trical connection with the primary winding to have a current induced 
in it by the breakdown of the magnetic field. Since the secondary 
winding consists of many more turns than the primary winding, the 
voltage induced is very high, and the current flows across the gap and 
produces a spark. Therefore, if a coil of this kind can be connected 
to a battery and to the spark plug of the engine, and some means 
can be devised by which the primary circuit can be broken just at 
the instant the spark is needed in the cylinder, the fuel charge will be 
ignited. 
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The device (Figs. 214 and 216) that is used to interrupt or break 
the primary circuit is known as a breaker or interrupter mechanism. It 
consists essentially of three parts (1) a stationary insulated point, (2) a 



Fig, 213. — Wiring diagram for a single-cylinder engine equipped with the jump-spark 
system with nonvibrating coil. 



Fig. 214. — Single-cylindor-engine breaker mechanism for nonvibrating coil system. 

movable, nonin.sulated point, and (3) the rotating cam. The cam 
strikes the movable point and separates it from the stationary one at 
the instant the spark is desired. 

A diagram of the wiring for a single-cylinder engine equipped with 
the nonvibrating jump-spark .system is shown in Fig. 213. The primary 
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circuit consists of the battery, the primary winding of the coil, and the 
breaker mechanism. The secondary circuit consists only of the secondary 
winding of the coil and the spark plug. It is observed that the cam 
operating the breaker points is so constructed that the points are held 


open a greater part of the time. 
They close only long enough to just 
complete the primary circuit and then 
open again. This prevents needless 
flow of the battery current. 

210. The Condenser. — ^When the 
breaker points open, a current is 
induced in the primary as well as in 
the secondary winding, and a spark 
will occur at the points, just as it did 
at the igniter points in the make- 
and-break system. Since this spark- 
ing will soon pit or roughen the points 
and eventually render them inefficient 
or inoperative, it is desirable that it be 
eliminated. This is done by means of 
a condenser (Fig. 216), which consists 
of altetnate layers of tin foil separated 
and insulated from each other by 
waxed paper. As shown, it is not 



Fig. 215. — Four-cylinder breaker mecha- 
nism for nonvibrating coil system. 


possible for an electric current to flow through a condenser as it would 


through a wire or a coil. The condenser is connected in the circuit as 


shown in Fig. 213. That is, it might be said that it is connected across 
the breaker points or bridges them. 



Fig. 216. — Construction of a condenser. 


The condenser action is as follows: The current induced in the primary 
circuit at the time of the separation of the points, instead of dissipating 
itself in the form of a spark at the points, surges into the condenser but 
not through it, then surges outward into the circuit again in the opposite 
direction; then reverses again and surges backward and continues until 
it finally dies out. This action not only eliminates the arcing almost 
entirely but, in addition, helps to demagnetize the iron core and break 
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down the electromagnetic field much more rapidly than it is broken down 
without the condenser. Consequently, the current induced in the 
secondary circuit is of a much higher voltage, and a better spark is 
produced. In other words, we might say that the condenser protects 
the points by eliminating the arcing and intensifies the current in the 
secondary winding, producing a better spark at the spark-plug gap. The 
condenser may be built in the coil unit or it may be found near 
the breaker-point mechanism. 

211 . The Breaker Mechanism. — ^The breaker mechanism (Figs. 214 
and 215) used with the nonvibrating coil system is usually a rather 
small delicate mechanism with the stationary point carefully insulated 
from the other parts. A small spring of some kind holds the movable 
point against the stationary one when contact is desired. The contact 
points themselves are usually made of some hard and high-heat-resistant 
material, such as a platinum or tungsten alloy. The breaker cam for a 
single-cylinder engine, or for a four-stroke-cycle engine with any number 
of cylinders for that matter, rotates at camshaft speed or one-half 
crankshaft speed. That is, it is obvious that in a single-cylinder, four- 
stroke-cycle engine, the points must open once in two revolutions of the 
crankshaft to produce the correct number of sparks. Therefore, if the 
cam is in time, that is, opens the points at the right time in the com- 
pression stroke, the ignition system will function correctly. , 

For multiple-cylinder engines the breaker cam, as shown in Fig. 219, 
has as many faces or projections as there are cylinders and opens the 
points that number of times per revolution, thereby producing the 
required number of sparks without increasing its speed with reference to 
the crankshaft speed. The advancing or retarding of the spark is 
usually produced by shifting the breaker points by means of the projecting 
arm (Fig. 215), which is attached to the advance and retard lever of the 
engine. 

212 . Multiple-breaker Mechanisms. — Engines having six or more 
cylinders and operating at a speed of 2,000 r.p.m. or more are some- 
times equipped with multiple or double breaker-point mechanisms, in 
order to provide a longer closed interval and therefore permit the coil 
to build up fully and give a strong spark. For example, an eight- 
cylinder engine running at 3,000 r.p.m. fires 12,000 times per minute or 
200 times per second. This means that if a single set of points were 
used the coil would have a J^oo-sec. time interval to build up its field 
and then break down and produce a spark. 

Two distinct arrangements involving a double-breaker mechanism 
are used as follows: 

1. Two sets of interrupter points connected in parallel with half as many cam lobes 
as cylinders, each set of points firing one-half the number of cylinders (Pig. 217). 
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2. Two sets of interrupter points connected in parallel with the same number of 
cam lobes as cylinders, one set serving only to close the circuit after the other set has 
broken it to produce a spark (Fig. 218). 

The ignition system, in other respects is the same as when a single 
set of points is used. In either system, if one set of points should remain 



Fig. 217. — Multiple-breaker mechanism for eight-cylinder engine with half as many cam 

lobes as cylinders. 

closed or become short-circuited, the circuit would not be interrupted 
by the other set of points and no spark would be produced. On the 
other hand, in system 1 if one set of points failed to close, only half of 
the cylinders would fire. In system 2, in case of failure of either set of 



Fig. 218 . — Multiple-breaker mechanism for eight-cylinder engine with same number of cam 

lobes as cylinders. 

points to clo^e, all cylinders would still fire. However, if the one set 
of points that acts only to close the circuit fired the cylinders, owing to 
the other set being held open, then the spark would be out of time. 

The proper functioning of an ignition system using a double-breaker 
mechanism depends upon the proper opening and closing of the points 
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with respect to each other — this being called synchronization — as Veil as 
the correct timing of the points with respect to the piston travel. To 
synchronize system 1, the gaps are first adjusted correctly and equalized. 
Then one set of points is adjusted or moved with respect to the cam 
until the correct open and closed interval relationship is obtained. A 
special synchronizing tool of some kind is necessary in making this 
adjustment. Synchronizing system 2 merely involves setting and 
equalizing the gaps for the two sets of points. 



Fig. 219.^ — Wiring diagram for four-cylinder engine equipped with jump-spark ignition 
system with nonvibrating coil. 


213. Vibrating Coil System. — The vibrating type of induction coil 
consists of (1) a soft-iron core made up of a bundle of soft-iron wires, (2) a 
primary winding made of about No. 16 insulated copper wire and rela- 
tively few turns, (3) a secondary winding of very finq insulated wire and 
many hundreds of turns, (4) the vibrator points, and (5) a condenser. 

Figure 220 shows the general layout of such a coil and the circuits 
involved. Referring to this figure, it is observed that the battery current 
flows from the positive terminal to one of the vibrator poiqts, through 
these points to the primary winding, and back to the negative side of 
the battery. The circuit being complete, an electromagnetic field is set 
up and the core is magnetized and attracts the flexible vibrator point, 
the other point being stationary. The circuit is thus broken at the 
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points, the magnetic field dies out, and a current of very high voltage is 
induced in the secondary winding, producing a spark at the gap. How- 
ever, at the instant that the vibrator points separate, the iron core loses 
its magnetism and the flexible vibrator point is released and again makes 
contact with the stationary point. This completes the circuit, and the 
action becomes continuous. The rapid vibration induces a series of 
high-voltage currents in the secondary circuit and a shower of sparks 
occurs at the gap. Here we observe that the vibrator points, operated by 
magnetic attraction, take the place of the mechanical interrupter as used 
in the nonvibrating coil; that is, the vibrator points become the inter- 

Barlfery 


Pr/morry 



Fig. 220. — Construction and wiring of a vibrating-type jump-spark coil. 

rupting or breaker mechanism for breaking down the primary circuit and 
the magnetic field, thereby creating an induced current in the secondary 
circuit. ' A condenser is necessary to eliminate the arcing at the vibrator 
points and keep them from becoming rough. It is connected across the 
points as shown and acts in the same manner as previously described in 
connection with the nonvibrating coil. 

If the battery and coil are now connected to a spark plug, and some 
mechanism is placed in the primary circuit that will permit the current 
to flow only at the time that the spark is needed, the ignition system 
will be complete. In other words, some mechanism is needed to close 
the primary circuit just at the time the spark is to occur in the cylinder 
and then open it so that the current will not flow continuously. This 
continuous flow of current would produce a constant vibration of the 
vibrator, thus not only wasting the battery current, but also creating a 
spark in the cylinder continuously throughout the cycle, which would 
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interfere with the proper operation of the engine. This mechanism is 
known as a timer (Fig. 222) and consists essentially of an insulated 



Fig. 221. — Construction and wiring of vibrator coil. A. l^our-torminal type. B. Three- 

torminal typo. 


Battery 



Fig. 222. — Wiring diagram for single-cylin.dor ongino equipped with jump-spark system 
with four-terminal vibrating coil. 

stationary projection on the engine and a gro\mded rotating part that 
makes contact at the right time in the cycle. 
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214. Four-terminal Jump -spark Vibrating Coil. — Figure 221 A illus- 
trates one type of vibrating coil and shows four terminals, two of which 
are the ends of the primary winding and are known as the primary 
terminals; and two of which are the ends of the secondary winding and 
are known as the secondary terminals. The usual method of connecting 
such a coil to an engine for jump-spark ignition is shown by the wiring 
diagram (Fig. 222). The primary circuit consists of the battery, switch, 
vibrator points, primary winding, and timer. The secondary circuit 
consists only of the secondary winding and spark plug. The condenser 


Battery 



Fig. 223.“-Single-cylinder, jump-spark system, with vibrating coil — double terminal of 

coil grounded. 

is on the inside of the coil and is protected by the case. It is always 
properly and permanently connected when the coil is manufactured. 

215. Three-terminal Vibrating Coil. — Vibrating coils that are 
now on the market have only three terminals (Fig, 22115). That is, 
one primary end and one secondary end have been fastened together on 
the inside of the coil and brought to one common terminal, so that 
we may say that the coil has one primary terminal, a double terminal, 
and one secondary terminal. Figure 223 illustrates the wiring of a single- 
cylinder engine using a coil of this type. Tracing the circuit, the current 
passes from the positive of the battery through the switch to the primary 
terminal; through the primary winding to the double terminal; through 
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the ground wire, and then through the engine block, to the timer; and 
back to the battery. The secondary circuit flows to the spark plug, 
jumps the gap, passes through the engine block and back through the 
ground wire to the double terminal of the coil. 

216. Vibrator-coil System for Multiple-cylinder Engine. — Multiple- 
cylinder engines using jump-spark ignition with vibrator coils require 
as many coil units as there are cylinders, as shown in Fig. 224. Likewise, 
the timer will have as many contacts as there are cylinders. In other 
words, it might be said that a multiple-cylinder engine using this system 


Boiffery 



Fig. 224. — Wiring diagram for a four-cylindor ongino using the jump-spark system with 

vibrating coils. 

is merely so many single-cylinder engines connected together. The timer 
not only completes the circuit for the different cylinders, but also acts 
as a distributor to send the sparks to the proper cylinders in the correct 
order. It will be noted that all the primary terminals of the coils are 
connected and have one common terminal to which the positive side 
of the battery is attached. 

217. Spark Plugs. — The spark plug is the device used in the jump- 
spark system of ignition that provides the gap for the high-voltage 
current to jump and ignite the charge. Numerous types and styles of 
spark plugs are manufactured for the many different types of engines 
that use the jump-spark system of ignition. In general, however, spark 
plugs may be classified according to their construction as the onc-pie(!e 
type (Fig. 225) and the separable type (Fig. 226). The two types 
are made in various sizes and lengths as will be discussed later. The 
one-piece plug has the advantage of being perfectly tight, with little 
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danger of leakage around the insulator. The separable type, however, 
has the advantage of being readily taken apart and cleaned easily. 
Also it is often desirable to replace an insulator which may become 
cracked or damaged. In the case of the one-piece plug, this is impossible, 
and a new plug must be purchased. 

Referring to Fig. 226, the ordinary spark plug is made up of the follow- 
ing parts: the steel outer shell, which is threaded and screws into the 



cylinder block; the insulator, usually made of 
porcelain but sometimes of mica; the gland or 
bushing, which holds the insulator in place in 
the shell; the copper-asbestos gaskets, between 
the insulator and the shell, to prevent loss of 
• compression and leakage; the electrodes or 
points: and the terminal. - -2 

The insulator is the most important part 
of the spark plug and must be made of high- 
grade material to withstand the high voltage 
and prevent leakage of the current or a short 



Fig, 225. — Construction of a 
one-piece spark plug. 


Fig. 226. — Construction of the sepa- 
rable type of spark plug. 


circuit. It must also withstand high temperatures and pressures. 
Porcelain is used almost exclusively as the insulating material, but mica 
withstands heat better than porcelain and, therefore, is a better insulator 
for spark plugs used under excessively high temperatures. The principal 
disadvantages of raica are: (1) it is difficult to clean the carbon with- 
out injury to the mica, and (2) mica spark plugs are more expensive to 
manufacture. 

The spark-plug points must be made of material that will withstand 
high temperatures and will not be burned away rapidly by the arcing 
and heat to which they are subjected. They are usually made of some 
special nickel, tungsten, or chromium alloy with a very small percentage 
of iron. The gap at the electrode is very important in the effective 
and efficient operation of the spark plug in an ignition system. In 
general, this gap should not be less than 0.020 or more than 0.035 in. 
This is a bare }'i 2 in. or the thickness of a worn dime. 
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218. Sizes of Spark Plugs. — There are four,common sizes of spark plugs (Fig. 227) : 
the K-in., with U. S. Standard pipe thread; the %-m. S.A.E. plug; and two sizes of 
metric plugs. The J^-in. plug uses the same thread as that used on a }^-in. pipe, that 
is, a pipe whose inside diameter is in. Since a pipe thread is tapered and rather 
coarse as compared to a bolt thread, this plug, when screwed into the cylinder, 
gradually becomes tighter and is merely screwed in tight to prevent leakage. 



Vl Inch P/pe Thread 

Fig. 227. — Spark-plug sizes and threads. 


The J^-in. S.A.E. plug has a thread similar to that used on a J^-in. bolt with 18 
threads per inch. Since it does not taper, it cannot be made tight by screwing in 
farther and farther as with the pipe thread. This plug, therefore, is equipped with a 
shoulder and a copper-asbestos gasket (Fig. 228) and is screwed down until it fits 
snugly in the cylinder block against this shoulder and gasket. It is very important 
that the gasket be used. Otherwise oil and gas leakage will invariably occur. 



The plug illustrated abovo is This plug is too long.* It This drawing shows a plug of 
too snort. It does not bring extends too far into the firing the correct length. The bottom 
the firing points far enough chamber. The result will be of the spark plui^ shell is just 
into the combustion chamber. that the lower end of the plug flush with the inside wall of the 

will become overheated and cylinder head, 
ignite the mixture too early. 

Fig. 228. — Proper and improper methods of fitting spark plugs. 


The large metric plug is very similar to the %-in. S.A.E. plug, except that the 
threaded part, which screws into the cylinder, is smaller, being 18 mm. or about 0.71 in. 
in diameter. The small metric plug is 14 mm. in diameter. 

Any of these sizes of plugs may be of the one-piece type or the separable type. 

A properly installed and fitted spark plug is shown in Fig. 228C; 
that is, the points should not project too far beyond the inner surface 
of the cylinder head (Fig. 228B). Likewise, the shank of the plug should 
not be so short that the points do not extend through the head, but set 
back in a pocket, as shown in Fig. 228 A. 
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219. Testing and Cleaning Spark Plugs. — Spark plugs will usually give very good 
service if given occasional or periodic attention and cleaning. The gap will gradually 
increase with use, owing to the burning off of the points; therefore the plug should be 
removed every few weeks and the gap adjusted., Excessive fouling and carbon 
deposits result in improper functioning because such deposits produce leakage of the 
electric current and eventually a short circuit develops. If the fuel mixture is kept 
correctly adjusted and the engine does not receive an excessive amount of lubricating 
oil, or the oil does not work past the piston rings, the average spark plug will give 
very little trouble from fouling. ^ If trouble of this kind develops frequently, it should 
be remedied by finding its source. 

In cleaning a spark plug, it is important that the porcelain or insulator projecting 
into the cylinder be weh cleaned, as well as the carbon thoroughly scraped out on the 
inside of the shell. On the other hand, in cleaning the insulator, care should be taken 
not to roughen it. It is best to clean spark-plug insulators by wiping rather than by 
scraping. 

The outside of the spark plug should also be wiped off frequently because the fine 
dust that often collects on the exposed porcelain absorbs moisture when the air is 
damp, and eventually the current jumps on the outside of the plug from the terminal 
to the bushing and, therefore, does not produce a spark at the gap. An occasional 
wiping of the exposed porcelain surface will prevent this trouble. 

220. Ignition Timing. — One of the very important factors in the 
correct operation of any internal-combustion engine is the time of occur- 
rence of the ignition. This is particularly true in multiple-cylinder 
and variable-speed engines. That is, the combustible mixture of fuel 
and air must be ignited so that the piston will receive the force of the 
explosion just as it reaches head dead center at the end of the compression 
stroke and is ready to start on the power or working stroke. If the 
spark comes too early, the explosion wiU take place before the piston 
reaches the end of the compression stroke, and the result will be a knock- 
ing effect and appreciable loss of power. If the spark occurs too late, 
the explosion will be delayed and the maximum effect will not be received 
by the piston, resulting in considerable power loss and overheating. 

Obviously, the time that the explosion is to take place is determined 
by the time of occurrence of the spark. If the spark comes too early, 
the explosion will be too early, and, if the spark is too late, the explosion 
will be late. Furthermore, it should be kept in mind that the occurrence 
of the spark and the explosion of the mixture are two distinct and separate 
actions and are not simultaneous as it might appear. This, perhaps, 
can be best understood by bearing in mind that the fuel mixture when 
ignited by the spark ife ^^set on fire,^^ so to speak, at one point only. 
Before an explosion can take place, the ignition must spread throughout 
the entire mixture. A very short, but nevertheless definite period of time, 
is required for the propagation of the ignition through the mixture. 
The rate of ignition is dependent upon several factors, such as the fuel 
used, the compression pressure in pounds per square inch, the load on the 
engine, the speed, and the cylinder temperature. 
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In order to provide for this lapse of time between the ignition of 
the mixture and its complete combustion by the time that the piston 
has reached the end of the compression stroke, j;he spark is advanced; 
that is, it is made to occur before the piston reaches the end of the 
stroke by an amount necessary to give the best results. Spark advance 
is usually designated in degrees of crankshaft travel, that is, an advance 
of 30 deg. means that the spark occurs when the crankshaft still lacks 
30 deg. of being eft. dead center. A late spark is known as a retarded 
spark and usually occurs on, or very near, compression dead center. 
A retarded spark is for cranking the engine only, to prevent its kicking 
back. As soon as the engine is started and reaches its normal speed, 
the spark should be advanced the necessary amount to give smooth 
operation. 

As previously stated, the amount of spark advance varies with a 
number of conditions, the most important of which are engine crankshaft 
speed, kind of fuel, quality of fuel mixture, compression pressure, and 
cylinder temperature. It is quite evident that with a given fuel and 
compression pressure, the greater the speed of the engine, the greater the 
spark advance must be up to a certain point. That is, if the fuel mixture 
requires a. certain fraction of time to be ignited and exploded, the piston 
will travel farther in a high-speed engine during this small interval of time 
than it will in a low-speed engine. Again a lean fuel mixture, or a fuel 
mixture at a low or medium pressure, will not burn so rapidly as a dense 
mixture or one under higher compression. Consequently, low-compres- 
sion engines running at light loads require more spark advance than 
those operating at higher compression pressures and heavy loads.' 

A rule that applies very well to most types of gasoline- and kero- 
sene-burning engines is to advance the spark 3 to 5 deg. for each 100 r.p.m. 
That is, an engine running at 500 r.p.m. would have a spark advance of 
from 15 to 25 (Jeg- This rule, howev(^r, is not a hard and fast one and 
does not necessarily apply to high-speed engines, sucdi as those running 
at 1,500 to 2,000 r.p.m. or more. In general, single-cylinder low-speed 
stationary types of engines, such as farm engine.s, hav(j a spark advance 
of from 15 to 30 deg. Variable-speed multiplo-ciylinder engines, such as 
those used in automobiles and tractors, usually have a spark advances 
varying from 30 to 50 deg. Highest speed engines oftfui have a spark 
advance of 60 to 75 deg. 

221. Spark-timing Mechanisms. — In the make-and-break system of 
ignition, the time that the spark occurs is determined by the time that 
the igniter is tripped. The tripping mechanism (Fig. 211) is usually 
operated by the cam gear. Consequently, if the exhaujjt valve is in time, 
the spark will be nearly, if not correctly, timed. If it is either too early 
or too late, it can be adjusted within a range of perhaps 10 to 60 deg. by 



BATTERY IGNITION SYSTEMS 


223 


means of some adjustment on the tripping mechanism or arm itself, 
as shown. In fact, this adjustment is important on any engine using 
the make-and-break system of ignition for the reason that more or less 
wear takes place in the tripping mechanism and this throws the spark 
partly out of time, requiring periodic readjustment. 

In timing the ignition on an engine equipped with the make-and-break 
system of ignition, the usual procedure is: first, check up the timing of 
the exhaust valve and cam gear; then, if further adjustment of the 
spark is necessary, it can be made on the igniter trip arm in some manner, 
such as by slotted bolt holes or by a slide and set-screw adjustment 
(Fig. 229). 



Fig. 229. — Spark-timing adjustment for single-cylinder, make-and-break ignition system. 


In the jump-spark system of ignition, the time at which the spark 
occurs is determined by the time at which the timer makes contact or 
the breaker points separate. In single-cylinder engines the timer or 
breaker mechanism is located on or at one end of the camshaft. That 
is, the rotating member of the timer, or the breaker-point cam will 
likely be attached to one end of the camshaft. Therefore, if the cam 
gear and shaft are in time with the crankshaft, the ignition will be in 
time. Provision is usually made for a small amount of adjustment 
by means of some slotted holes, or by loosening and turning the breaker 
cam on its shaft. 
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CHAPTER XIX 

MECHANICAL GENERATION OF ELECTRICITY— MAGNETOS 

Mechaaical devices for generating an electric current are termed either 
electric generators or magnetos. Such devices require a magnetic field, 
which, as we have seen, can be produced either by a piece of steel per- 
manently magnetized, or by means of an electromagnet. Magnetos 
are distinguished from other electric generators in that they utilize 
permanent steel magnets for providing the magnetic field, whereas 
machines ordinarily used for lighting and power purposes have their 
magnetic field supplied by electromagnetic action. 



’ Fig. 230.“Principal parts of a simple low-tension alternating-current magneto. 


222. Magneto Parts and Construction. — A simple magneto is made 
up of the following parts as shown in Fig. 230: (1) a nonmagnetic metal 
base to which other parts are fastened directly or indirectly, (2) per- 
manent steel magnets, (3) soft-iron pole pieces, (4) armature, (5) winding 
or windings, and (6) one or more brushes by which the current is taken off. 

Magneto bases were formerly made of bronze, but at the present 
time aluminum is used almost entirely because it is just as strong and 
costs less. The base must be made of some nonmagnetic material 
rather than of iron, because, if the latter were used, the magnetism would 
flow through it, eliminating or doing away with the field between the 
poles and nullifying the generating action of the magneto. Again some 
metal must be used for the base because the electric circuit in nearly 
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all magnetos is completed through the engine block and back through 
the base to the magneto winding. 

The permanent steel magnets are constructed of a high grade of 
hard steel and are usually made in sections instead of in one solid piece, 
because small pieces of steel are easier to magnetize effectively than 
large pieces. These magnets are usually horseshoe shape, as shown. 
The pole pieces of ordinary soft iron are for the purpose of carrying 
the lines of force of the magnetic field to the armature so that there will 
be very little air space for them to travel through. In other words, the 
pole pieces are cut out to fit the armature and the latter, when mounted 
in the bearings, clears these pole pieces by the smallest fraction of an 
inch. An appreciable air gap between the magnet poles and the armature 
faces would materially weaken the action of the magnetic field and, 
consequently, reduce the efficiency of the magneto itself. 

The armature is the rotating part of the magneto, and may or may 
not have the winding wound about it. The winding is of insulated 
copper wire, similar to that used in ignition coils. Some types of mag- 
netos, as explained later, have two or even more windings. 

223. Generation of an Electric Current by a Simple Magneto. — 
The action of any mechanical electric generator is based upon the 
principle of electromagnetic induction. That is, if a magnetic field is 
set up about a conductor of electricity and then suddenly weakened or 
broken down, an electric current will be induced and will flow in the 
conductor. For example, referring to Fig. 231 A, with the armature in 
the position as shown, the magnetic lines of force have a straight path 
through the soft-iron portion of the armature; that is, the lines of force 
flow directly through the armature from the north pole of the magnet 
to the south pole. If the armature is now rotated a fracition of a turn to 
position shown in B, it is observed that the lines of force, since they 
prefer to continue flowing through the soft iron, are stretched. Or 
it might be said that the number of lines of force passing through the 
armature from north to south has decreased. Rotating the armature 
still farther, as shown in C, it is observed that the lines of force arc flowing 
through the armature in the opposite direction, that is, the direction 
of flow is reversed but they still flow from north to south. It is evident, 
then, that at some point between positions B and C, the number of lines of 
force passing through the armature must have decreased to zero. This 
change in the number of lines of force about the armature winding sets 
up an induced electric current in it. If the circuit is complete, the cur- 
rent flows through the ignition system. If the armature is now rotated 
to the position shown in D, the lines of force again enter it, passing 
through the central core as shown in A . They again have a straight path 
from north to south. Then, as the armature rotates farther, the number 
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of lines of force passing through it decreases as before. When the arma- 
ture has reached the position as shown in F, the lines of force have again 
reversed their direction of flow with respect to the armature core. At the 
instant that this change takes place a second current is induced in the 
armature winding. If the armature is now rotated to a position shown 
in G, one revolution is completed, and, as we have seen, two currents or 
impulses have been induced. The greatest voltage and, therefore, best 
spark are produced when the armature approaches the position as shown 
by C and F (Fig. 231). 



magneto. 


. Again, the two currents induced during the one revolution of the 
armature will be in opposite directions. In other words, in this simple 
form of magneto, an alternating current is generated. If the winding of 
such a magneto can be connected to the other necessary parts of the 
ignition system, such as, coil, igniter, or spark plugs, and the current 
taken off, a spark will be produced. 

It will be observed that a magneto of the type described does not 
necessarily generate a steady or continuous flow of current but that it 
flows in impulses. This does not mean that it is impractical or useless 
for ignition purposes. In other words, if the magneto can be so timed 
to the engine that the armature is in the position at which the highest 
voltage is set up just when the spark is needed in the cylinder, then the 
current will flow and ignition will occur. Although all magnetos are not 
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constructed exactly similar to tha one just described, it will be seen that 
the theory involved in the generation of the current in all types is essen- 
tially the same and is based on ordinary principles of electromagnetic 
induction. 

224. Classification of Magnetos.— Magnetos for ignition purposes 
are classified in four ways as follows: 

1. Alternating current and direct current. 

2. Shuttle- or armature-wound and inductor type. 

3. Low tension and high tension. 

4. Rotary and oscillating. 


More specifically, it might be said that any magneto may be described 
in four ways. For example, the magneto illustrated in Fig. 232 is 
a shuttle-wound low-tension direct-current rotary magneto. ‘The mag- 



Fig. 232.- -A diroct-curront magneto. Fig. 233. — Oomixiutator construction. 


neto illustrated in Fig. 248 is an alternating-current shuttle-wound high- 
tension rotary-type magneto, and so on. 

226. Alternating- and Direct-current Magnetos. — Practically all 
magnetos are now of the alternating-current type; that is, the current 
generated by the magneto flows through the circuit first in one direction, 
then in the other. Most of them generate two current impulses per 
armature revolution as previously described, but some generate four 
current impulses per revolution as will be described later. 

Direct-current magnetos have been used to a limited extent for gas- 
engine ignition, particularly for stationary types of engines. Therefore, a 
brief explanation of their construction and operation will be given. A 
direct-current magneto or generator of any type is one that is so con- 
structed that the current generated or the current impulses always flow 
in the same direction through the external circuit. In other words, a 
■ direct-current magneto might be sai(I to generate an alternating current 
but is so equipped and constructed that the current impulses are sent 
out through. the external circuit in the same direction at all times. 
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A simple direct-current magneto (Fig. 232) is made up of the same 
parts as the simple alternating-current magneto with the addition of 
what is known as a commutator (Fig. 233). That is, any direct-current 
electric generating device must be equipped with a commutator and 
brushes that bear upon it and take the current off. The commutator 
consists essentially of a number of copper blocks or segments, arranged in 
the form of a ring and insulated from each other. The ring is placed on 
the armature and turns with it but is thoroughly insulated from the 
armature metal. 

To understand better the operation of a simple direct-current generator, suppose 
that the armature has one winding and its two ends are fastened to the two segments 




Fig. 234. — Construction and operation of a simple, direct-current magneto - 

of a commutator as shown in Fig. 234. Now suppose that the current generated as 
the armature passes through this position flows through the circuit as shown by the 
arrows. Now, if the armature is turned, one-half a revolution, a second current 
impulse is generated. The commutator and the winding, likewise, have turned 180 
deg. The brushes, however, although remaining stationary, have changed contact 
with the commutator segments. The current that is now generated, with the arma- 
ture in this position, flows in an opposite direction through the armature winding and 
takes the path through the commutator and brushes and out through the external 
circuit and back to the magneto as shown. It is readily seen that the direction of the 
current through the external circuit is the same in each position of the armature. In 
other words, although the current generated in the armature winding alternates in 
direction, the segmented commutator and two brushes convert it to direct current with 
respect to the external circuit. 

The armatures of direct-current magnetos and similar electric generators bear a 
number of separate windings. The commutator is also made up of several segments, 
usually six or more. Consequently, the current generated by the magneto will flow 


230 


FARM GAS ENGINES AND TRACTORS 


uniformly and steadily, rather than by impulses, and will resemble very closely the 
current generated by a cell or battery. Since, however, internal-combustion engines 
do not require a steady flow of current at the spark plug or igniter, it is not essential 
that magnetos be of the direct-current type., For this reason they have become 
practically obsolete for ignition purposes. 

Another characteristic of direct-current magnetos is that they must be driven at a 
rather high rate of speed to obtain the correct voltage. The speed is usually obtained 
by driving the armature by friction through a small leather-faced pulley, which is 



Fig. 235. — Wiring for a direct-current magneto when used for make^and-break ignition. 

held against the flywheel of the engine. To prevent excessive speed, which might 
tear the windings loose from the armature, owing to centrifugal force, this friction 
pulley is equipped with weights and springs resembling a centrifugal-type governor, 
so that when the armature reaches a certain speed, the weights expand and draw the 
pulley away from the engine flywheel. 

Direct-current magnetos, when operating at normal speed, generate an electric 
current of very low voltage, similar to the ordinary ignition battery. Therefore, in 
addition to the magneto, a coil of the proper type is required, and the system is wired 


Ground on Engine Id CSp^rk P*/ug 



Fig. 236. — Wiring for a direct-current magneto when used for jump-spark ignition. 

in exactly the same manner as a battery ignition system. Figure 235 illustrates the 
make-and-break system of ignition with a direct-current magneto. Figure 236 illus- 
trates the jpmp-spark system with a direct-current magneto as the source of electricity. 

226. Shuttle- or Armature-wound Magnetos, — Many of the magnetos 
now in use have an H-shaped armature (Fig. 237) with the winding 
wound about the bar of the H. Therefore, the winding rotates with the 
armature, and the magneto is said to be of the shuttle- or armature-wound 
type. Since the winding rotates with the armature it is necessary to 
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take the current off by means of an insulated copper collector ring and a 
brush. The wire leading to the igniter or spark plugs is attached to a 
terndnal that is a part of the brush and brush holder. 

227. Inductor-type Magnetos. — ^Some magnetos do not have the 
winding rotating with the armature but have a stationary winding. Such 
magnetos are of the inductor type. The operation of one magneto of this 
type is as follows: The armature (Fig. 238) consists of two soft-iron bars* 


COWDEMSER -WINDiNGS ' 



Fig. 237, — Principal parts of a shuttle-type, high-tension magneto armature. 

or rotors, spaced about 1 in, apart on the armature shaft and at right 
angles to each other as shown. The magneto winding is placed on the 
round piece of iron connecting these two rotors. This part of the arma- 
ture between the rotors therefore serves as a core for the winding. How- 
ever, the armature shaft is free to turn in the winding, or it might be 
said that the core of the winding rotates. The current is generated in 
the following manner: With the armature in a position as shown in Fig. 



PiG. 238. — Armature and coils for K-W magneto. 


239A the lines of force pass from the north pole, up through the rotor A, 
to the center of the armature shaft. They cannot pass straight across to 
the south pole, because, as will be seen, the pole pieces are cut off arid do 
not extend upward as far as they do in the shuttle type of magneto. The 
lines of force, therefore, pass through that part of the armature that 
serves as the core of the winding to the opposite rotor B, then down 
through its lower end to the south pole. If the armature is now rotated 
one-quarter turn to the position shown in Fig. 239'J5, rotor B is now 
touching the north pole, and the lines of force come up through it, pass 
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through the armature shaft to rotor A, and down through it to the south 
pole. It is thus observed that, as the armature turns from the first 
position to the second, the lines of force must die out of that part of the 
armature serving as the core of the winding, and change their direction 



In other words, at a certain point in the rotation of the armature there is 
no magnetic field about the winding, but it is made to die out and at 
that time a current is induced in the winding and flows through the 
ignition circuit. This particular type of magneto generates four current 



Fig. 240. Fio. 241. 

Fig. 240. — Coils and pole pieces of the Webster oscillating magneto. 
Fig. 241. — Armature for the Webster oscillating magneto. 


impulses per revolution of the armature but is similar in other respects 
to other magnetos. It is likewise an alternating-current magneto. 

Another inductor-type magneto, the Webster oscillator, is used extensively for 
stationary gas-engine ignition. The winding is in two parts, one-half being located 
on each of the two center projections of the two l^-shaped soft-iron pole pieces (Fig. 
240). The armature (Fig. 241) is shaped like a Maltese cross. When the armature 
is in the position, as shown in Fig. 242^, the lines of magnetic force dow from north to 
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south through the two center projections of the pole pieces and the horizontal part 
of the armature. In other words, the lines of force are now flowing through that 
part of the pole piece that serves as the core of the winding. If the armature is now 
rotated to the position shown in Fig. 2423, it is observed that the lines of force have 
changed their path. They now travel from north to south through the upper and 
lower projections of the pole pieces and through both parts of the armature; that is, 
the shifting of the armature resulted in the lines of force changing their path of travel 
and dying out of the pole-piece projections that serve as the core for the winding. 
Therefore, since the magnetic field about the winding is thus made to die away or 
break down, an electric current is generated. 

228. Oscillating Magnetos. — The Webster magneto just described is 
also of the oscillating type; that is, the armature, instead of rotating, is 
merely turned through a fraction of a revolution and suddenly released 
and jerked back to its former position by the heavy springs (Fig. 241). 




(A) . (B) 

Fig. 242. — Construction and operation of the Webster oscillating magneto. 

These springs give the armature a very rapid movement through a 
fraction of a revblution that is equivalent to rotating the armature at 
the rate of several hundred r.p.m. The bracket supporting the magneto 
is a part of the igniter, so that the magneto can be located very close to 
the igniter and both can be tripped by the same trip arm. This is essen- 
tial in view of the fact that both must be tripped at the same instant. 

Figure 211 illustrates the tripping mechanism that is used with the 
Webster oscillating magneto. The bracket R is clamped to the exhaust- 
valve push rod. The trip arm H is hinged to the bracket by a pin and is 
supported by the roller M, This arm is equipped with the slide or wedge 
K, which slowly lifts it upward as the push rod and bracket are carried 
backward by the valve cam. As the trip arm moves backward it engages 
with the finger G, which is on the end of the armature shaft of the magneto. 
This rotates the shaft a fraction of a revolution, and then, as the wedge 
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rides up on the roller, the arm releases the finger G, and the armature 
snaps back to its original position. At the same time, the lower projec- 
tion of the finger 0 strikes the setscrew E of the movable electrode arm. 
F, thereby separating the igniter points. 

It is observed that there are a number of adjustments possible in connection with 
this mechanism. The first adjustment is the slide or wedge, which can be moved 
backward or forward on the trip arm. If it is moved forward, the trip arm will be 
released quicker and an earlier spark produced. If it is moved backward, the arm 
■will be released later and the spark will be delayed. The setscrew E, on the end of 
the movable electrode arm F, must be adjusted so that the push fiiiger G hits it at the 
correct instant. If the setscrew is turned inward toward the push finger, it will be 
hit sooner and the igniter points will open earlier in the rotation of the magneto 
armature. If the screw is turned backward, the push finger will hit it later and the 
points will be opened later in the rotation of the magneto armature. Since the 
current generated by the magneto is strongest only at a certain point in the armature 
movement, it is important that this screw be so set that the push finger hits it just 
at this instant and separates the igniter points. Then the igniter points wiU be 
opened at the correct time to produce the strongest possible spark. It will be noted 
that the mechanism is equipped with a lover J, by which the roller may be raised or 
lowered and the spark thereby advanced or retarded. 

229. Low-tension Magnetos . — A low-tension magneto is one that 
generates a current of low voltage. Such magnetos are generally used 
only on stationary farm-type engines with the make-and-break system of 

ignition. Figure 243 illustrates an 
engine equipped with the make-and- 
break system of ignition and a shuttle- 
type rotary-armature magneto. It is 
likewise known as an aUernating-currmt 
magneto and, as previously discussed, 
generates two current impulses per 
revolution. The armature is driven by 
a gear and is so timed that, just as the 
igniter is tripped, the armature is in the 
position in which the strongest current 
is generated. Therefore, a spark will 
occur at the igniter points. It is unnecessary to use a separate coil in 
connection with low-tension magnetos for make-and-break ignition, for 
the reason that the winding has so many turns of wire that a suAhciently 
high voltage is generated to assure a good spark. 

Figure 244 shows the circuit taken by the current for an engine 
equipped with either a rotating or an oscillating alternating-current 
low-tension magneto. The current, which is generated in the -winding of 
the armature, travels to the end fastened to the collector ring. A small 
carbon brush bearing against the ring receives the current, and it is led 



Fig. 243. — Wiring for a low-tonsion 
alternating-current magneto for make- 
and-break ignition. 
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to the terminal; thence, through the conductor or wire to the stationary 
point of the igniter; thence, through the igniter points to the engine block; 
thence to the base of the magneto and back to the grounded end of the 
winding on the armature. The only external wire involved is the one 
connecting the magneto terminal and the igniter. 



Fia. 244. — Ignition circuit for an engine equipped with make-and-break system with low- 
tension, alternating-current magneto. 

Large-size engines equipped with low-tension rotary alternating- 
current magnetos usually cannot be started by means* of the magneto 
because the engine cannot be cranked sufficiently fast to create a strong 
sp^ark. In such cases it is necessary to use a battery for starting. Figure 
245 gives a diagram of the wiring of such an engine when equipped with 
both battery and low-tension alternating-current magneto. 



Fig. 245.— Wiring for make-and-break ignition using both battery and low-tension alter- 
nating-current magneto. * 

230. Timing Low-tension Alternating-current Magnetos. — Since a 
low-tension alternating-current magneto generates two current impulses 
per revolution, it must be driven at the correct speed ratio with respect 
to the crankshaft, namely, at a speed of 1:1, 1:2, 1:4, and so on. For a 
single-cylinder four-stroke-cycle engine, such magnetos are usually driven 
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at crankshaft speed. This would mean that three current impulses are 
generated that are unused. However, since the igniter, points are not 
tripped, except when a spark is needed, the current merely flows through 
the circuit without producing a spark, and no harm results. 

The correct timing of the ignition for an engine equipped with the make-and-hreak 
system and a low-tension rotary alternating-current magneto is very important. 
The procedure is as follows: First, check the timing of the igniter trip, as previously 
described under Spai;k-timmg Mechanisms, so that the igniter trips at the correct 
time in the piston travel. Second, turn the engine until the igniter is just tripped 
and then stop. Third, turn the magneto armature until it is in the position at 
which it generates the strongest current impulse. This is done simply by rotating 
the arnaature slowly with the fbagers until the strongest pull or resistance to rotation 
is felt. Fourth, mesh the gears and fasten the magneto in place. 

THE HIGH-TENSION MAGNETO 

231. Construction and Operation. — high-tension magneto is one 
that is used for jump-spark ignition and generates a current of suffi- 



Fig. 246. — Sketch showing electrical circuits for a high-tension magneto. 


ciently high voltage to jump the gap at the spark plug. In fact, such a"^- 
magneto is a complete jump-spark system in one compact unit with* the 
exception of the spark plugs. 

To generate this exceedingly high voltage, the high-tension magneto 
must be equipped with a number of parts that are not found in the low- 
tension types, The important parts of such a magneto are as follows: 
(1) nonmagnetic base, (2) permanent steel magnets, (3) armature, (4) 
soft-iron pole pieces, (5) primary winding, (6) secondary winding, (7) 
breaker points, (8) condenser, (9) collector ring and brush, and (10) safety 
gap. For convenience and clearness, so that the construction and oper- 
ation of the high-tension magneto will be readily understood, the electrical 
circuits and parts involved are shown by Fig. 246. 

The operation of the magneto is as follows : As the armature rotates 
and passes' through the position at which the lines of force change their 
path through it, a current is induced in the primary winding of coarse 
insulated wire. Just as this current is induced in the primary winding, 
the breaker points, which are in the primary circuit, are separated by a 
cam, interrupting the current and breaking down the strong electro^ 
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magnetic field set up by it. This results in the instantaneous induction 
of a very high voltage in the secondary circuit, which consists of many 
thousands of turns of very fine wire. Therefore, jf the breaker points 
separate at the correct time in the travel of the engine piston, and the 
secondary winding can be connected 
to the spark plug, a spark will be 
produced and will ignite the mixture. 

232. Breaker Points. — The 
breaker points (Fig. 247) are similar 
to those used in the nonvibrating 
coil system of ignition with battery. 

They consist of a stationary insu- 
lated point and a movable noninsu- 
lated point and arm that comes in 
contact with the cam. These points 

are located at one end- of the arma-* 247.™ Breaker mechanism for a shnt- 

,, , . tie-type, high-tension magneto. 

ture. If the magneto is of the induc- 
tor type, that is, with stationary winding, the points will be stationary, 
and the cam that separates them will rotate with the armature. On the 
other hand, if the magneto is of the shuttle type, the winding, and points 
rotate and the cams are stationary.. 

The contact points themselves are made of a high-grade alloy steel 
so that they will not pit up or get rough too quickly. One point is usually 
adjustable so that the space between them, when separated, can be 
adjusted. This space should be 0.015 to 0.020 in. 

233. Condenser.— The high-teiision magneto must be equipped with 
a condenser similar to that used in a jump-spark coil, for the purpose of 
eliminating the arcing at the breaker points and intensifying the current 
in the secondary circuit. The condenser is connected in the primary 
circuit as shown in Fig. 246. 

234. Primary Circuit. — Tracing the primary circuit of a high-tension 
magneto (Fig. 246), the current generated in the primary winding 
travels to one end fastened to the insulated stationary breaker point, 
through the breaker points to the metal of the magneto, and back to the 
grounded end of the winding on the armature. It is thus observed that 
the primary winding does not pass outside of the magneto itself. 

236. Secondary Circuit. — ^Tracing the secondary circuit for an 
ordinary shuttle-type high-tension magneto (Fig. 246), the current 
induced in the winding travels to the collector ring, from the collector 
ring to the brush, then to the spark plug, and back through the engine 
block to the base of the magneto, and, thence, to the grounded end of the 
secondary winding. If the magneto is of the inductor type, the collector 
ring is unnecessary, and, for a single-cylinder engine, the wire carrying 
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the current from the magneto to the spark plug is fastened directly to one 
end of the secondary winding, 

236. Safety Spark Gap. — If the wire that carries the current from 
the magneto to the spark plug should become broken or disconnected at 
any point, it is obvious that the high-voltage current induced in the 
secondary winding could not take its regular path and, therefore, might 
dissipate itself by breaking through the insulation in the winding on the 
armature. This would create a permanent short circuit and, therefore, 
make the magneto useless until it could be rewound. To eliminate the 
possibility of such injury in case of a broken secondary circuit, all high- 
tension magnetos are equipped with what is known as a safety spark gap. 


Cable 



Frame Frame 


Fig. 248. — Electrical circuits for a shuttle-type, high-tension magneto for a four-cylinder 

engine. 

This gap consists of a point fastened to that side of the secondary winding 
that leads to the spark plug or the collector ring, and another point 
exactly opposite the first and grounded to some metal part of the magneto. 
It must be about to % in- wide, which is somewhat greater than the 
spark-plug gap. Otherwise the current would have a tendency to jump 
at this point at all times, rather than at the spark plug. 

237. Distributor. — A high-tension magneto for a multiple-cylinder 
engine, in addition to the parts named, requires a distributor and brush 
(Fig. 248) to distribute the secon dary current to the different spark plugs 
in the correct order, just as the non vibrating coil system of ignition with 
battery requires a distributor to distribute the secondary circuit to the 
spark plugs in the case of an engine with two or more cylinders. 

The circuits involved in the operation of a high-tension magneto for a 
multiple-cylinder engine are shown by Fig. 248. It is observed that the 
primary circuit is not different from that in a magneto for a single-cylinder 
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engine; that is, it consists only of the primary winding and the breaker 
points. The secondary circuit includes the distributor and takes the 
following path: From the end of the winding, the current goes to the 
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Fig. 249. — Construction of the Eisemann G-4 magnete. 



Fig. 250. — Sectional view of Eisemann CT-4 magneto. 

collector ring if the magneto is of the shuttle type; if of the inductor 
type, it goes directly to the distributor brush or rotor. From this brush 
it is received by the distributor segments and terminals. Wires attached 
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to the distributor terminals conduct the current to the spark plugs in the 
order in which they are fastened to the terminals. From these plugs the 
current returns through the engine to the base of the magneto, and thence 
to the grounded end of the secondary circuit. In other respects, the 
magneto is exactly the same as that used for a single-cylinder engine. 


HIGH-TENSION MAGNETO TYPES 


The different makes of high-tension magnetos vary somewhat in 
detailed construction and operation, but the same general principles are 

followed in all makes. The greatest 

improvement made in recent years is 
the complete enclosure of the working 
parts, thus providing greater protection 
from dust, dirt, and moisture. 

238. Bosch Magneto. — The Bosch 
magneto is of the shuttle-wound type, 
its construction and circuits being 
shown by Fig. 248. 

239. Eisemann Magnetos. — The 
Eisemann Model G-4 (Fig. 249) has 
the conventional shuttle-wound con- 
struction with the distributor placed 
directly over the collector ring and 
carrying the collector-ring brush. 

The Eisemann CT-4 magneto (Figs. 
250 and 251) is an inductor type. 
The single horseshoe magnet lies near 
the base in a horizontal position, and 
the breaker points are located on the 
distributor rotor assembly. The cam is rotated by the distributor gear. 
Obviously this cam must have as many lobes as there’ are cylinders. 

240. Fairbanks-Morse Type RV Magneto. — The Fairbanks-Morse 
Type RV magneto (Fig. 252) is an inductor type with revolving magnets, 
that is, the armature carries the permanent steel magnets, and, as rotation 
occurs, the polarity changes with respect to the pole pieces and coil core 
every half turn, thus generating two current impulses per revolution. 
The stationary coil, interrupter points, and distributor are located just 
above the armature and are accessible through removal of the top cover, 
which carries the distributor brushes. The breaker cam is rotated by the 
distributor gear. 

241. Wico Type AP Magneto. — The Wico Type AP magneto (Figs. 
253 and 254) is an inductor type having the coil located above the 



Fig. 251.- 


-End view of Eisemann CT-4 
, magneto. 
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armature and having the breaker mechauism and distributor assembly 
, mounted on the end of the armature as* shown. 

242. International Magnetos. — McCormick-Deering tractors are 
equipped with either a Model E-4A (Fig. 255) or a Model F (Fig. 256) 



Fia. 252. — View of windings, breaker points, and distributor for Fairbanks- Morse Type 

RV magneto. 





Fig. 253. — Wico Type AP tractor magneto. 


International magneto. The former is of the conventional shuttle-wound 
construction. The Model F is an inductor type with the stationary coil 
mounted above the armature under the ,areh of the magriets. The 
breaker points are operated by a cam on the end of the armature. 
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243. Oscillating High-tension Magnetos. — Figures 257 and 268 show 
the Wico high-tension magneto, which is used extensively on single- 
cylinder farm engines. Referring to the sketch (Fig. 259), this magneto 

is constructed and operates as 

follows : The permanent steel mag- 
net consists of several small straight 
bars clamped together and bridging 
the ends of two laminated soft-iron 
j core members, which might also be 
j called pole pieces. The opposite 
I ends of these two core members are 
I bridged by a laminated soft-iron 
i yoke, which is moved up and down 
• on a guide and is really the arma- 
ture of the magneto. Two wind- 
ings, a primary and a secondary, 
are placed on these core members, 

' ' one-half of each winding being 

Fig. 254. — End view showing coil and breaker i ‘ j 

points for Wico Type AP tractor magneto. each COre member and 

SO connected that the current gen- 
erated in each of the two halves will flow in the same direction. One 
end of the primary winding is grounded to the magneto frame. The other 
end is connected to the fixed contact (insulated from frame) of the breaker 




Fig. 255. — International E-4A high-tension magneto. 


points or interrupter. Since the moving contact is attached to the 
armature and is thereby grounded, there is a complete electrical circuit 
when the points are closed 
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Like any other high-tension magneto, the secondary winding consists 
of many turns of very fine wire. One of the ends is grounded to the 
magneto frame. The other end is 


Dls'fnhui'or^ 
cover 


Disiribuior^ 

gear 


connected by a heavily insulated 
lead wire to the spark plug. Thus 
the secondary circuit is completed 
through the engine. 

In generating a high-tension 
current, the armature is held firmly 
in contact with the ends of the 
poles by magnetic attraction. The 
lines of magnetic force now have a 
complete soft-iron path from north 
to south, as indicated by arrows in 
Fig. 259. The breaker points are 
also in contact. Now, if the arma- 
ture is suddenly pulled downward 
away * from the pole pieces, the 
magnetic path will be broken and 
the lines of force will be reduced 
in the two core members; and the 
farther the armature is removed 
from the poles the greater will be the reduction in the lines of mag- 
netic force. This decrease in lines of magnetic force induces a cur- 



Breaker^'^’^ 
pofnbs 

Fig. 256. — International Model F magneto. 



rent in the primary circuit, As soon as a current flows in the primary 
circuit, it acts as an electromagnet producing lines of magnetic force in 
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MAGNETS 


the core in the same direction as those of the permanent magnet. Thus, 
it will be seen that the total magnetic lines of force will not be reduced as 

much as they would without the primary 
winding. As soon as the armature has 
moved far enough away from the poles to 
allow a considerable reduction of the lines 
of magnetic force, and at such a point that 
the sustaining action of the primary is still 
adequate, the, breaker points are opened 
(thus breaking the primary circuit), which 
removes all the sustaining action and allows 
the lines of magnetic force to decrease 
instantly to a very small value. This rapid 
changing of the lines of magnetic force in- 
duces a current in the secondary winding of 
sufficiently high voltage to jump the gap in the spark plug. A condenser 
is connected across the bjreaker points to produce a quick break of the 



PRIMARY AND 

POLE-PIECES IfV SKOMARYCROUNOJ 
AND ARMATURE GUIDE 

WINDING-CORES 

Fig. 258. — Construction of Wico 
high-tension magneto. 



Fig. 269. — Wiring and electrical circuits for the Wico high-tension, oscillating magtieto. 


primary current when the breaker points are opened find, incidentally, 
prevents arcing at the points. 

The obvious advantages of the Wico magneto are its great simplicity — 
the absence of numerous moving parts. The armature and the movable 
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breaker point are all that move. The tripping mechanism either is 
operated from the exhaust-valve push rod, as shown in Fig. 257, or is 
actuated by an eccentric, as shown in ^^g. 260. In either case, the quick 
snapping of the. armature away from the poles is accomplished by the 
expansion of a spring, known as the drive spring, which has been com- 
pressed before the time for producing the spark. Excessive downward 
movement of the armature is prevented, and its positive return to the 
pole pieces is assured by another spring known. as the return spring. In 
either case, means are provided in the tripping mechanism for advancing 
and retarding the spark and also for adjustment of the timing with 
the engine. 

244. Armature and Distributor Speeds. — ^All high-tension magnetos 
must be driven by gears at a certain speed ratio with respect to the 



Fig. 260. — Eccentric-type tripping mechanism for Wico oscillating magneto- 

crankshaft speed of the engine. Most of them are of the shuttle type 
and generate two current impulses per revolution. Therefore the 
breaker points are made to open twice per revolution. The K-W 
magneto (Fig. 239) generates four current impulses per revolution, but 
this offers no advantage except for engines having eight or twelve cylin- 
ders. In such cases they can be operated at one-half the speed of other 
magnetos supplying only two sparks per revolution. 

Referring to Table XIII, it will be noted that, for all one-, two-, and four-cylinder 
four-stroke-cycle engines equipped with high-tension magnetos, the armature speed is 
the same as the crankshaft speed. A single-cylinder engine would receive a sufficient 
number of sparks if the armature turned at one-fourth crankshaft speed and two 
cams were used. The same would be true of a two-cylinder engine with a 360-deg. 
firing interval if the armature rotated at one-half crankshaft speed and two cams 
were used. . It is desirable, however, to use these higher speeds in order to insure the 
generation of a good strong spark at all times. For example, if a single-cylinder 
engine were equipped with a magneto running at one-fourth crankshaft speed and 
the engine were slowed down to 300 r.p.m., the magneto speed would be only 75 
r.p.m. The spark would likely be so weak as to make the engine misfire, skip, or even 
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stop. By using only one cam and thereby opening the breaker points but once per 
armature revolution, only half as many sparks are generated. This still gives twice 
as many as are necessary for a single-cylinder engine; that is, there will be a spark 
every crankshaft revolution. Howevlb, these extra sparks will come at the end of 
the exhaust stroke. Therefore, no harm results. 

It will be noted from Table XIII that the distributor gear speed is one-half 
crankshaft speed in all cases. This is explained by the fact that in any multiple- 
cylinder four-stroke-cycle engine, all cylinders fire once in two crankshaft revolutions 
or one distributor-gear revolution. 


Table XIII. — Magneto Characteristics According to Number of Cylinders 


Number of cylinders 

Engine, 

r.p.m. 

1 

Explo- 

sions 

per 

minute 

Arma- 

ture, 

r.p.m. 

Number 
of breaker 

cams 

Number 
of sparks 
generated 

Distribu- 

tor 

speed 

1 

1 ,000 

500 

1,000 

1' 

1,000 


2 (360-deg. firing interval) 

2 (180- and 540-deg. fixing 

1,000 

1,000 

1,000 

1 

1,000 

S 500 

interval) 

1,000 

1,000 

1,000 

2 

2,000 

500 

4 

1,000 

2,000 

1,000 

2 

2,000 

500 

8 

1,000 

3,000 

1,500 

!■ 2 

3,000 

500 


246. Impulse -starter Couplings. — With the exception of a few large 
machines, tractors are not equipped with self-cranking devices such as 
are used on automobiles. Hand cranking is the usual means of starting. 
Since most tractor engines are of such a size that in cranking they can be 
turned only a fraction of a revolution at a time or rotated very slowly 
at best,* a special provision of some kind is necessary to permit the 
magneto to supply a strong spark at this cranking speed. The device 
now used for this purpose is known as an impulse-starter coupling since 
it always serves as a part of the magneto-drive coupling. 

The operation of an impulse starter is best understood by reference 
to Fig. 261. The flanged .metal disk M is fixed to the magneto shaft 
and bears a projection B. A similar flanged disk N is fixed on the drive 
shaft and bears a projection D, If these two disks are now brought 
together as in L and a stiff spring C is inserted on the inside between the 
two projections, the disk A, through its projection and the spring, will 
drive disk M and, therefore, the magneto. Now suppose a stationary 
catch H is released and allowed to engage in a notch in disk M, The 
armature will stop rotating, but disk iV, being fixed to the drive shaft, 
will continue to turn. This will cause the spring to be compressed 
between the projections B and D and to exert a high pressure on the 
disk Af . When disk N has advanced about one-fifth of a turn, a trip cam 
F on its outer rim strikes and lifts the catch H. This releases the disk 



MECHANICAL GENERATION OF ELECTRICITY— MAGNETOS 247 


M, and, owing to the excessive pressure of the spring, it jumps ahead at a 
high rate of speed until it catches up with the driving disk N, and the 
spring is again extended. If the release takes place at the end of the 
compression stroke of a certain piston and the magneto breaker points 
are opened during this sudden movement of the armature, a good spark 
will be produced that will ignite the charge. When the engine reaches 



coupling. 

a speed of about 150 r.p.m. the cams F strike the catch H a suflScieq^tly 
hard blow to permanently disengage it and cause it to be hooked up by a 
simple device not shown in the figure. The magneto then rotates in the 
normal manner. 

246. Automatic Impulse Starters. — The impulse starters just described 
are manually controlled; that is, the catch iT must be engaged by hand 



Fig. 262. — Automatic impulse starter. 


each time the engine is cranked. Some magnetos are equipped with 
impulse starters that engage automatically whenever the speed drops 
below 150 r.p.m. Such a device is shown by Fig. 262. The action 
is dependent upon centrifugal force, which causes certain weighted mem- 
bers to move outward sufficiently to disengage the coupling when the 
proper speed is attained. 

247. Impulse-starter Troubles. — Impulse-starter troubles sometimes 
develop for two reasons, namely, lack of lubrication and worn parts. 
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From the preceding descriptions it is observed that all impulse starters 
are made up of certain small moving parts whose free movement h? 
essential to the proper fimctioning of the device. This is particularly 
true with respect to the automatic types. If lubrication is neglected, or if 
dust and dirt gum up the parts, poor action is likely. 


Most of the wear takes place in the catch block, catch notch, and catch release! 
The catch block, when released; is under considerable pressure. Consequently, the 
end of the catch and the notch holding it are subject to a certain amount of wear. 
Eventually the catch may fail to engage or may slip out of its own accord. Also the 
starter may function normally when the engine is cranked but release the moment 
firing starts. The engine fails to pick up and must be cranked again. All impulse 
starters have a distinct click when working properly. Therefore, if this click is not 
heard or is weak, the trouble is likely due to the causes mentioned. 

Since the spark made by an impulse starter is for starting the engine, it must 
always occur just as the piston reaches the end of the compression stroke. In other 



Fig. 263. — Flexible, adjustable magneto Fig. 264. — Special type of magneto 
coupling. coupling. 


words, an impulse spark is always a retarded spark regardless of the position of the 
spark advance and retard lever, provided, of course, that the magneto is correctly 
timed. Even though the spark lever is advanced, since the starter remains engaged 
and holds the armature stationary until the piston reaches compression dead center, 
a kickback is impossible. On the other hand, if the starter catch releases too easily 
or fails to engage at all, as previously mentioned, a kickback is liable to occur, espe- 
cially if spinning the engine by hand is resorted to. 


248. Magneto -drive Couplings. — ^The connection between the drive 
shaft on the engine and the magneto armature shaft must be positive, 
flexible, and adjustable. It must not permit slippage, as the magneto 
would get out of time. A rigid coupling would likely subject the magneto 
bearings to strain and excessive wear if the drive and magneto shafts were 
not in exact alignment. An adjustable coupling is necessary in timing to 
permit the armature to be moved any small fraction, of a turn and there- 
fore brought into exact time with the engine. 
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Figure 263 shows one type of flexible, adjustable coupling. The fiber disk is 
grooved on each side in opposite directions and fits between the two coupling mem- 
bers on the drive and magneto shafts. The latter have lugs that slip into the grooves. 
This arrangement permits a limited sliding action in any direction if the two shafts 
are out of hne. The timing adjustment is in the drive-shaft member, which consists 
of two pieces: a collar keyed to the shaft and a clamp locked to it. Both the collar 
and the clamp are splined. By loosening and shifting the clamp one or more splines, 
any adjustment can be secured. 

Figure 264 shows another coupling, which consists of three parts: a toothed flange, 
bearing 19 teeth and bolted to the drive shaft; a 20-toothed flange, keyed to the 
magneto shaft; and a double-toothed rubber disk, which fits between the two flanges. 
The disk absorbs shocks and strains due to misalignment. 

To change the magneto timing remove the flange bolt on the drive shaft and slide 
back one flange. Disengage the rubber disk, rotate in the desired direction as many 



Fig. 265. — Timing a high-tension magneto. 


teeth as necessary, and replace. Then slide back the flange and replace bolt. Owing 
to the one-tooth variance on the two flanges it is possible to secure as little as one 
degree of adjustment. 

Another coupling uses the grooved-disk arrangement as previously described to 
give flexibility, but has two flanges each bearing a circular row of holes. One flange 
has one more hole than the other so that only one pair of holes can line up at any 
time. A bolt through these two holes connects the coupling. If an adjustment 
is necessary the bolt is removed, one flange is moved the necessary amount, and the 
bolt is replaced in the two new holes that are lined up. 

249. Spark Advance and Retard. — ^The advancing and retarding of 
the spark on engines equipped vrith high-tension magnetos are accom- 
plished by changing the time at which the breaker points are opened. 
That is, if the magneto is of the shuttle-wound type, the cams are station- 
ary and are carried on a ring as shown in Fig: 265. If this ring is shifted 
or turned slightly, the breaker points will hit the cams later, and therefore 
the spatk will come later. If the magneto is of the inductor type, the 
points themselves are shifted, so that the rotating cam hits the movable 
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point sooner or later. A stop screw and slot of some kind usually serve 
to limit the range of spark advance and retard. 

260. Timing High-tension Magnetos. — The timing of a high-tension 
magneto requires a clear understanding of the magneto construction and 
operation. High-tension-magneto timing may- be divided into two parts, 
namely, (1) the timing of the magneto within itself and (2) the timing of 
the magneto with the engine. Timing a high-tension magneto within 
itself involves (a) the timing of the breaker points with the armature 
rotation and (6) the timing of the distributor with the armature and 
breakenspoints. 

If the breaker points are not separated at the correct instant in the 
rotation of the armature, there will be a weaker current to interrupt, 
and a strong current will not be induced in the secondary circuit. Con- 




Fig. 266. — Armature positions when maximum current is generated. 

sequently, the breaker points must be set so that the cam opens them 
when the armature is in the position at which it is generating its strongest 
current. This position is shown by Fig. 266. If the points open before 
or after the armature reaches this position, the spark produced at the 
spark plug will obviously be weaker and less effective. 

The timing of the breaker mechanism with the armature is compara- 
tively simple. In all shuttle-type magnetos, a keyed hub on the breaker 
disk fits into a keyway in the hollow end of the armature shaft. Likewise, 
in replacing the breaker cam on an inductor-type magneto, a similar key 
and keyway are provided to position correctly the cam with respect to the 
armature. 

If the magneto is equipped with a distributor for multiple-cylinder 
ignition, the distributor gear must be timed with the armature gear, 
depending upon the direction of rotation, so that the distributor rotor 
will be in full contact with one of the segments when the breaker points 
separate. Manufacturers usually mark certain teeth (see Fig. 267) so 
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that, in case the magneto is taken apart and reassembled, the marked 
teeth are meshed together again. The distributor segments are rather 
long so that, with the distributor running slower than the arfnature, the 
‘brush will be in contact with a certain segment, even though the breaker 
points are shifted and open at different times as in retarding and advanc- 
ing the spark. 

Two distributor-gear teeth are usually marked, because all high- 
tension rotary-type magnetos can be made to rotate in either a clockwise 
or a counterclockwise direction as viewed from the driving end of the 
armature. The direction of rotation depends upon the engine construc- 
tion. An arrow on the end plate usually indicates this direction for any 
particular magneto. 




Fig. 267. — Distributor-gear markings for a bigb-tension magneto. 

261. Timing High-tension Magneto with Engine. — ^When a magneto 
is disconnected and removed from an engine, it is essential that it be 
correctly timed when replaced, so that the spark will come at the right 
instant in the piston travel. The following procedure for timing a high- 
tension magneto is applicable to any engine (Fig. 265), regardless of the 
number of cylinders: 

1. Place piston 1 on head dead center at the end of the compression stroke. 

2. Select or determine the distributor terminal to be connected to spark plug 1. 
Unless the wires are already cut to an exact length and fitted, any terminal may be 
chosen for spark plug 1. 

3. Place distributor rotor on terminal brush or segment 1. To do this it is usually 
necessary to remove the distributor cover. 

4. See that breaker mechanism is in the retard position. 

5. Slightly rotate or move armature in driven direction until breaker points are 
just opening. In doing this, the amount of rotation should not be sufficient to disturb 
the position of the distributor rotor. 

6. Without moving the armature, place magneto in position on the engine and 
connect the drive coupling. 

7. Check the timing by turning the engine over very slowly. See that the breaker 
points open just as the piston reaches head dead center at the end of the compression 
stroke. If the magneto is equipped with an impulse starter it should snap just as 
piston 1 reaches compression dead center. If it snaps slightly before or after, carefully 
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disconnect the coupling, rotate the armature a trifle forward or backward as the case 
may be, and again connect and recheck. 

8. Connej?t the wires to the distributor and spark plugs in the proper manner 
according to the firing order of the engine. 

262. High-tension-magneto Care and Adjustment. — The high-tension 
magnetos that are now being manufactured require very little attention 
and should seldom give any trouble. They are well enclosed and almost 
completely dust- and moistureproof. This does not mean that they do 
not require even reasonable care. Occasional lubrication, according 
to the manufacturer’s instructions, and prevention of excessive dirt 
accumulation around the magneto are important. 

The parts of a high-tension magneto requiring lubrication are the 
armature bearings and the distributor rotor. Since practically all 
magnetos Save ball bearings for the armature, very little oil is needed. 
From 2 to 6 drops of a very light grade of machine oil placed in the 
small oil openings at either end about once a month, or after 10,0 hr. 
of operation, is all that is necessary. A heavy oil or an excessive amount 
should be avoided by all means, as gumming, shqrt circuits, and other 
troubles will develop. 

In a few cases the bearings are. packed in a light grease and so inclosed 
that it cannot escape. These require no further lubrication. 

If it is desirable to clean the distributor rotor, brush contacts, breaker 
points, and the collector ring at any time, only a clean rag 
and gasoline should be used. 

263. Breaker-point Adjustment. — The proper func- 
tioning of a high-tension magneto is largely dependent upon 
the breaker points. An occasional inspection should be 
made and the following noted: 

1. The contact points should be smooth, flat, and free from dirt, 
oil, or moisture and make a good full contact. If they are rough, 
use only a very fine file, and fiOle ofl as little as possible. 

2. The points should have the required opening, namely, about 
0.015 or ^^4 in. This can be checked with the gage supplied with 

Magneto-ad- ©very magneto as shown by Fig. 268. One point is adjustable and is 
justing wrench, fixed by a lock nut (Fig. 269). By loosening the lock nut, the point 
can be turned in or out the required amount. 

3. The movable point should hinge freely on its pivot. Corrosion caused by 
moisture may develop sluggish action, which usually results in the magneto failing to 
spark. The movable arm should be removed and the hole and pivot pin carefully 
smoothed up. 

264. Tractor-ignition Troubles.. — With the great improvement and 
refinement in high-tension magneto construction and its almost universal 
adoption for tractor ignition, troubles from this particular source are 
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comparatively limited. Obviously they must be confined to the magneto, 
spark plugs, and cables. 

Ignition troubles may be classified as : 

L Starting troubles. 

а. Engine fails to start. 

б. Engine fires a few times and stops. 

2. Running troubles. 

a. Engine misses on one or two cylinders. 
h. Engine stops suddenly. 



Fig. 269. — Breaker-point construction and adjustment for shuttle-type, high-tension 

magneto. 

Starting troubles due to ignition failure may result from the following: 

1. Spark lever is in retard position so that magneto is grounded. Practically all 
tractors have a ground-contact device on the breaker housing (Fig. 270), which cuts, 
off the ignition and kops the engine when the spark lever is in full retard pqsition. 

2. Switch closed (on tractors equipped with an ignition switch). 

3. Impulse coupling not engaged or fails to catch. 
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4u Impulse coupling releases too quickly before engine picks up speed. 

5. Moisture or- oil on spark-plug points, porcelain, or distributor terminals. 

6. Moisture, oil, or dirt inside magneto on collector ring and brush, distributor 
contacts, or breaker points. 

7. Breaker points rough, out of adjustment, or sticking. 

8. Magneto out of time, or cables incorrectly connected to plugs. 

9. Magnets weak. 

If an engine is running but misses on one or more cylinders, the trouble, if due to 
faulty ignition, will likely be found in the spark plugs or cables. It can be due, how- 
ever, to moisture, dirt, or oil on one or more of the distributor contacts. 



If the engine suddenly stops owing to ignition failure, the trouble in nearly every 
case is in the magneto. It should be checked for: 

1. Stuck points. 

2. Broken insulation. 

3. Burned-out winding. 

4. Short circuit. 

’ 5. Drive coupling slipped out of place. 

266. Tracing Tractor-ignition Trouble. — The first step in diagnosing 
tractor-ignition trouble is to determine whether it is in the spark plugs, 
cables, or magneto. The action of the engine, as just described, will 
indicate the location to a certain extent. 

The best procedure is to disconnect the cables from the spark plugs and hold each 
one about }i in. from the engine block while the engine is rotated slowly. If a spark 
is observed when the impulse coupling snaps, the magneto is functioning properly 
and the trouble is in the plugs. If one or more cables do not show a spark, look for 
breaks and examine their respective distributor terminals and contacts. If, after a 
number of trials and a complete check of the retard lever, switch, and impulse cou- 
pling, no spark can be secured from any of the distributor terminals, it is quite evident 
that the trouble is in the magneto. In this case examine and clean the distributor, 
collector ring, and breaker points. Disassemble the magneto with great care and 
only to the extent necessary. 

. In disassembling shuttle-type magnetos be sure to remove the ground-return 
brush in the base and the collector-ring brush and holder before removing the 
armature. 
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266. Testing High-tension Magneto Armatures. — A simple method of 
testing a high-tension magneto armature for short or broken circuits is 
best understood by reference to Fig. 271. 

Using any 6-volt battery such as an automobile storage battery, a ‘‘hot-shot 
battery, or four dry cells in series, one battery wire B is grounded to the armature, and 
the other wire A is rubbed on the breaker-point retaining screw D, which is the insu- 
lated end of the primary winding. A third wire C has one end grounded on the arma- 
ture while the other end is held about in. from the collector ring. If, when the 
end of wire A is rubbed on screw D, a good spark appears at the gap at the collector 
ring, the windings are in good condition. If no spark is produced it indicates that 
there is a short circuit in one or the other of the windings. 


Fig. 5^71. — Testing a high-tension magneto armature for short or broken circuits. 

This test can be made without removing the armature and breaker points from 
the magneto by placing a piece of paper between the breaker points and manipulating 
the wires as before. 
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CHAPTER XX 

ELECTRIC GENERATORS— STARTERS— LIGHTING 


The rather common practice of operating tractors at night during the 
rush season or for economic reasons requires certain additional items of 
electrical equipment to provide light. Likewise the convenience of the 
automobile-t 3 q)e electric starter is proving advantageous for tractors 
under certain conditions. Therefore information relative to such equip- 
ment is of interest and value to the tractor user or operator. 

267. Lighting.' — If lights only are desired for a tractor, the current 
may be obtained directly from a storage battery or from a generator. 



The use of a battery permits burning the lights without operating the 
engine, whereas, if a generator is used alone, light is available only when 
the engine is running. A combination generator and battery arrange- 
ment is most satisfactory and eliminates the necessity of periodically 
removing the battery for recharging. The usual lighting voltage is 6 
unless the tractor engine is large and is equipped with a 12-volt or 
larger battery for starting. 

268. Generators. — Generators for tractor lighting and starting are 
direct current and shunt wound (Fig. 272). A cutout relay (Fig. 273) 
automatically opens and closes the circuit between the generator and 
the battery, according to the engine speed and corresponding generated 
voltage, thereby preventing the battery from discharging through the 
generator when the engine is inoperative or idling. 
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This relay consists essentially of a small iron core, the fine or voltage 
winding, the coarse or current winding, and the points. As noted, when 
the generator is not operating the points are held open by a small spring. 
As the generator starts operating, a voltage is built up in the shunt-field 
winding. The fine or voltage winding of the relay, being a part of the 
field circuit, thereby carries a weak current that magnetizes the relay core 
and pulls the movable point into contact with the stationary point. The 
main or charging circuit is thus completed, and the stronger current now 
flowing through the heavy winding on the relay core holds the points 
firmly in contact. If the generator speed drops sufiiciently to permit the 
generator voltage to fall below the battery voltage, there is a reverse 
flow of current, the core is demagnetized, and the points open again. 


REVERSE CURRENT CUT-OUT 
spruT® 


LIGHTme 

SrSTQtti 


LAMPS 


SHUNT FIEUO 
WINDING 



GENERATOR 


^6R. 


Fig. 273. — Wiring diagram of a typical reverse current cutout. 


Generators are rated according to voltage as 6, 12, 24, and so on, 
according to the voltage of the battery to be charged. However, the 
actual generated voltage at normal speeds must slightly exceed the 
battery voltage in order to force the current into the battery. This 
explains the noticeably brighter lights when the generator is running. 

269. Generator Control. — In any simple shunt-wound generator, the 
tendency is for the voltage to vary more or less directly with the armature 
speed; nevertheless, a more or less constant voltage is essential, if possible, 
over a considerable speed range. A slightly low voltage gives poor 
lights or a low battery-charging rate, whereas a slightly high voltage may 
bum out the lights or charge the battery at too high a rate. 

Automotive-type generators, therefore, utilize a number of different 
methods of controlling the voltage and corresponding current output as 
follows : 
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1. Adjustable third brush. 

2. Current-controlled magnetically operated vibrating relay. 

3. 'Voltage-eontrolled magnetically operated vibrating relay. 

4. Combination of voltage- and current-controlled vibrating relays. 


260. Third-brush Control. — A simple shunt-wound generator requires 
but two brushes as shown in Fig. 272. Figure 274 shows how a third 
brush is utilized to carry the field circuit from the commutator to the 
field windings. The use of the third brush in this manner permits 
locating it on the commutator in such a position that there will be 
an entirely diEferent reaction between the magnetic field and armature 
windings as the armature speed varies. In othtr words, owing to a 
phenomenon known as field distortion, the field strength and resulting 



Fig. 274. — Diagram showing principle of third-brush regulation. 


voltage does not increase with increased armature speed, beyond a certain 
point. On the other hand, by adjusting the brush position through a 
limited range with respect to the commutator and armature rotation, the 
charging rate of the generator can be varied considerably. For example, 
moving the third brush opposite the direction of the armature rotation 
as far as possible will reduce the maximum current output to 3.5 amp. 
Moving the brush in the direction of armature rotation as far as possible 
will produce the maximum current output of 20 to 25 amp. 

The principal objection to a plain third-brush-regulated generator is 
the danger of burning out the windings, lights, and so on, if the battery- 
charging circuit is unexpectedly broken: What happens in such a case 
is that the generator, having been suddenly relieved of the back pressure 
or voltage of the battery, builds up an excessive field strength that in turn 
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produces a high voltage in the main circuit. Whenever it becomes neces- 
sary to operate a third-brush-regulated generator that is not connected 
to the battery, either the brushes should be lifted off the commutator, or 
the external circuit should be short-circuited with a low-resistance 
conductor. 

261. Current-controlled Vibrating Regulator. — current-controlled 
generator is one that uses a vibrating relay, operated by the charging 
ciurrent, to vary the field resistance and thereby control the amount 
of current generated. Referring to Fig. 275, it will be observed that 
the generated current passes through a coil wrapped around an iron 
core. Therefore, when this current reaches a given value, the magnetized 
core separates the points, thus breaking the normal field circuit and 
cutting in a field-resistance unit. Thus the field current, and therefore 



Fig. 275. — Circuit diagram of tsnpical vibrating-type regulator to obtain constant current 

regulation of the generator. 


the generated current, is reduced. -Ordinarily the contact arm vibrates 
rapidly and keeps the generator output practically constant. 

Current-controlled vibrating-relay-regulated generators are little 
used for the reason that they have the same objection as the third-brush- 
controlled generator, namely, that if the main charging circuit is broken 
or encounters high resistance, a high voltage builds up in the field circuit, 
which, in turn, produces an excessive voltage and current flow in the 
generator windings, lights, and so on, and often causes damage. 

262. Voltage-controlled Vibrating Regulator. — Referring to Fig. 276, 
a voltage-controlled generator employs a set of magnetically operated 
contact points, similar to the current-controlled device just described. 
However, it will be noted that the coil that magnetizes the core and 
separates the points is not in the charging circuit, but consists of fine 
wire that forms a separate high-resistance circuit in parallel with the 
charging circuit. Consequently, when the generated voltage attains the 
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desired value in this coil, the points are separated and a high-resistanoe 
unit is cut into the field circuit. This obviously reduces the field strength 
and the resulting generated voltage and current. When the voltage 
drops slightly, the points close, the voltage rises again, the points open, 
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and so on. In other words, beyond a certain speed, the points will vibrate 
rapidly and thereby maintain a constant voltage and relatively constant 
charging rate. 

From a study of this device it will be observed that if the charging 
circuit is broken or the battery is disconnected, no harm will result for the 
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277, — Circuit diagram of typical combination vibrating-type regulator and cutout 
to obtain constant current and voltage regulation of the generator. 


reason that the relay will continue to operate and maintain a constant 
and proper field voltage. 

263. Combined Current- and Voltage-controlled Vibrating Regu- 
lator. — In a few cases, generators are equipped with a combined current 
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266 . Starter Drives. — ^The starter drive is the device that coimects 
and transmits the power to the engine flywheel. A small spur pinion 
on the armature shaft meshing with teeth on the flywheel is the usual 
means of transmitting the power. However, the drive must embody 
some convenient means of disengaging as well as. engaging the pinion 
which will not give trouble or injure the starter motor when the engine 
begins to fire or if it kicks back. 

Two common t5^es of starter drives are the Bendix (Fig. 279) and 
the Tna-nnal type (Fig. 280). In the former, the construction is such that 
engagement of the pinion takes place as soon as the starter switch is closed 
and the armature begins to rotate. A threaded sleeve on the armature 



Fig. 280. — Sectional view of a starter motor using manual-type starter-drive mechanism. 

shaft carries this pinion and permits it to move along the shaft and into 
and out of engagement. If the armature starts turning, the thread 
carries the pinion into engagement with the flywheel gear. As soon as 
the engine fires and turns the pinion faster than the armature shaft is 
turning it, the pinion is carried out of engagement by the threads. The 
device is equipped with a heavy spring to absorb the shock as the pinion 
comes into mesh with the flywheel or when the engine kicks back. 

The manually operated starter drive is so called because the pressure 
on the starter foot lever first slides the pinion into mesh with the flywheel 
gear. Pushing the foot lever stiU farther then closes the switch, and the 
armatmre rotates and cranks the engine. To prevent damage to the 
starter motor when the engine begins to fire and turn the pinion at a 
higher speed than the armature is turning it, an overrunning clutch is 
built into the pinion and connects it to the armature shaft in such a 


ELECTRIC GENERATORSSTARTERS— LIGHTING 2m 

manner that the pinion is automatically disconnected from the armature 
even though the foot lever is not released. 
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CHAPTER XXI 

LUBRICATION AND LUBRICATING SYSTEMS 

Lubrication plays an important part in the design and operation of 
any t3T)e of internal-combustion engine. The life and service given by 
any engine are dependent largely upon the consideration and care given 
to its lubrication, both in the design of the system and during its use and 
operation. The fundamental purpose of lubrication of any mechanical 
device is to eliminate friction and the resulting wear and loss of power. 
Other important functions of lubrication of an internal-combustion 
engine are (1) to absorb and dissipate heat, (2) to serve as a piston seal, 
and (3) to act as a cushion to deaden the noise of moving parts. 

In the internal-combustion engine, lubrication is even more difficult 
than in other machines, for the reason that a certain amount of heat is 
present, particularly in and around the cylinder and piston, as a result of 
the combustion of the fuel. The lubrication of these heated parts is a 
somewhat more difficult problem than it would be if the heat were not 
present. 

266. Friction. — Whenever two materials of any kind move against 
each other, a certain amount of a force known as friction tends to oppose 
the movement. For example, when a liquid or a gas is made to flow 
through a passage such as a pipe or a conduit, the flow is more or less 
retarded by the friction between the liquid or gas and the inner surface 
of the pipe. Such friction is undesirable. On the other hand, the trans- 
mission of power by belts and pulleys is entirely dependent upon the fric- 
tion between the belt and the pulley surfaces. The greater the frictional 
contact, the more effective the arrangement and the lower the power loss. 

The friction due to metal parts of machines moving in or against each 
other is usually highly undesirable, not only because of the power required 
to overcome it, but also owing to rapid wear. Likewise, it often results 
in the generation of a certain amount of heat, which may damage the 
parts or produce a fire hazard. This friction cannot be completely 
eliminated, but it can be reduced to such an extent by the use of a suitable 
lubricant that the operation of the machine is greatly improved arid its 
life lengthened. 

LUBRICATING OILS AND GREASES 

There are a large number and variety of lubricants available for the 
many different lubrication requirements. One particular kind, quality, 
or type of lubricant has a comparatively limited use. 
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Practically all lubricants are derived from one or the other of three 
sources: namely, animal, vegetable, or mineral matter. 

267. Animal Lubricants. — The oils and greases obtained by rendering 
the fat of animals, such as swine, cattle, sheep, fish, and so on, are utilized 
to^ very limited extent for the lubrication of mechanical devices. Some 
of the common animal lubricants are lard oil, tallow, sperm oil, and fish 
oil. The principal disadvantage is that they cannot stand heat and 
readily combine with oxygen, becoming ‘waxy or gummy. Also, under 
certain conditions, fatty acids that are harmful to the machine parts are 
liberated. 

268. Vegetable Lubricants. — The oils obtained from vegetable mate- 
rials, such as seeds, fruits, and plants, are likewise limited in their utility 
for general lubrication purposes for the reason that they also have a 
tendency to oxidize readily and become gummy. Some common vege- 
table oils are castor oil, cottonseed oil, olive oil, and linseed oil. Only 
castor oil. has ever proved of any value for engine lubrication. It is 
used to a limited extent in some types of airplane and marine engines 
because it does not congeal except at low temperatures, it does not mix 
readily with engine fuels, and it retains its lubrication properties at high 
temperatures. 

269. Mineral Lubricants. — Crude petroleum, obtained from the 
earth and, therefore, usually classed as a mineral, serves as the greatest 
source of lubricating materials as well as fuels for internal-combustion 
engines. Petroleum lubricants are not only more plentiful and therefore 
less expensive than animal and vegetable oils, but also they retain 
their lubricating properties when subjected to abnormal temperatures and 
other conditions. 

Crude petroleum varies in quality, character, and chemical make-up, 
according to its geographical source. For example, some crude oils con- 
tain a high percentage of lighter products, such as gasoline and kerosene, 
and are therefore more valuable as a source of fuel. Other crudes, usually 
heavier in gravity, are low in these lighter products but contain a higher 
percentage of products that, when refined, produce lubricating oils and 
greases. The so-called paraflBba-base crudes are usually lower in specific 
gravity and yield a high percentage of fuel products when distilled. The 
asphalt-base crudes are usually higher in specific gravity, darker in 
color, and yield a high per cent of lubrication products. 

Considerable argument has been put forth in the past concerning the 
relative merits of lubricants produced from different crude oils. Owing 
to the great development and advance made in the refining process, 
however, it is doubtful if any conclusive and consistent proof can be 
shown in favor of any particular crude-oil base as a base for a lubricant 
for a particular engine or purpose. 
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270* Mantifacture of Lubricants. — Crude oil consists of a mixture of 
many hydrocarbons having different boiling-points. Therefore, the first 
process in the conversion of any crude oil into its various- products consists 
of heating it and distilling off the lighter fractions, such as gasoline, 
kerosene, gas oil, and so on (see Fig. 83). When a temperature of 350 
to 400°C. is reached, the heavier fractions, suitable for lubricants, distill 
over. If it is desired to secure a large quantity of lubricating oil from 
the crude, steam is introduced into the stills and they may be operated 
under a partial vacuum, in order to prevent these heavy fractions from 
cracking or breaking up into lighter hydrocarbons. The cracking process 
has already been referred to and explained in Chap. VIII. The lubricat- 
ing-oil distillates may be redistilled with steam under a vacuum and 
thereby separated into heavy and light oils. Following distillation, the 
oils are subjected to .the refining process, which consists of treatment with 
sulphuric acid or filtering through fuller’s earth to remove certain 
undesirable elements and impurities and to lighten the color. This is 
followed by washing with water, neutralizing with an alkali, a second 
washing with water, and a final action, involving hot air, to remove all 
traces of moisture. 

When a crude oil is distilled until the fuel products and the light and 
heavy lubricating oils have been removed there usually remains a certain 
quantity of a heavy, thick, dark oil that, when subjected to a purifying 
treatment, is utilized for steam-engine-cylmder lubrication and for the 
lubrication of automobile, truck, and tractor transmissions, and other 
similar mechanisms. 

271. Classification of Engine Oils. — Oils for lubricating internal- 
combustion engines are classified according to their body or viscosity, 
as light, medium, heavy, and extra heavy. Many oil companies use 
certain distinguishing symbols to designate these various grades. 

Light .oils are recommended for engines having close-fitting pistons 
and bearings, or engines operating at light loads and high speeds. Like- 
wise a lighter grade of oil is usually recommended when an engine is 
operated in cold weather or under similar conditions of temperature. 

Medium oils are used under average conditions in automobile engines 
in cold or temperate weather, provided the engine is not badly worn. 
A medium-body oil will give satisfactory results with a plain splash 
system of lubrication or with a force-feed system. 

Oils having a heavy body are used in engines operated in very warm 
weather, , or in truck and tractor engines that operate under a medium to 
heavy load. Heavy oils are also recommended for air-cooled engines and 
for engines having badly worn pistons, cylinders, and f)iston rings, 
as a heavy oil, under such conditions, tends to hold the compression 
better. 
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Extra heavy oils are used in some tractor engines, for the reason that 
these engines when in operation are subjected to a uniformly heavy load, 
which means a higher operating temperature. As a general rule, the lolid 
carried by an engine and, therefore, its operating temperature determines, 
to a large extent, -the grade of oil to be used. The hotter the engine, the 
heavier the oil recommended, up to a certain limi t. 

272. Semisolid and Solid Lubricants. — In addition to the fluid 
lubricants already discussed, certain other materials in a semisolid or a 
solid form are used to a very limited extent for intemal-combustion-engine 
lubrication. Cup grease or hard oil is the most common semisolid 
lubricant. It is made by thoroughly mixing an ordinary mineral fluid 
oil with some animal fat, usually beef tallow, that has been saponified. 
The proportions vary from 80 to 90 per cent mineral oil and 10 to 20 
per cent fat. Cup greases are prepared in the following grades; 

No. 1 — ^very soft. 

No. 2 — soft. 

No. 3 — ^medium. 

No. 4 — ^hard. 

No. 5 — ^very hard. 

The softer the grease the greater the mineral-oil content. 

Flake graphite, mica, or soapstone is sometimes mixed with cup grease 
for special purposes, particularly, where the bearing surfaces are rough 
or high pressure exists. 

Graphite, talc, and mica are solid materials having a limited use as 
lubricants. Of these, graphite in a flaky or amorphous form is the most 
valuable. These materials are used primarily where high pressure exists 
and a fluid or semisolid oil would not give good results. 

273. Importance of Correct Lubrication. — The market is literally 
flooded with hundreds of brands and grades of oils of varying quality. 
Consequently, the owners and operators of gas engines, automobiles, 
trucks, tractors, airplanes, and so on, realize the great importance of 
choosing the best possible oil for the engine. The price should not be 
more than a minor determining factor. During the early development 
and use of these machines, the selection of the correct lubricant was, in 
many cases, left with the operator. As time went on, the engine manu- 
facturer realized the important part played by lubrication and lubricating 
oil in the satisfaction and service rendered by his product and, conse- 
quently, assumed the responsibility for determining and recommending 
the proper grade of oil to be used. As a rule, thorough tests are made 
either by the engine manufacturer or by the oil refiner, usually the for- 
mer, before any definite lubrication recommendations are offered. Such 
being the case, the user and operator of any type of internal-combustion 
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togine should adhere closely to such advice. However, some knowledge 
of the fundamental factors involved in the choice of an engine oil is valu- 
attle and important. 

ESSENTIALS OF A GOOD LUBRICATING OIL 

As a general rule, the majority of the standard or better-known 
brands of engine oil now on the market are reliable products and will 
give good results provided the correct grade is used. There are no 
hard and fast rules or specifications by which one may choose the proper 
oil to use in a given case. Likewise, there are no simple chemical pr 
. physical tests that the average individual may apply to an oil to deter- 
mine its character. Such things as the color, feel, and general appearance 
mean nothing. 

Thomsen^ states that in order to satisfy certain fundamental lubri- 
cating requirements, a lubricant: 

1. Must possess sufficient viscosity and lubricating power — oiliness — to suit 
the mechanical conditions and conditions of speed, pressure, and temperature. 
Too little oiliness means excessive wear and friction; too high a viscosity means 
loss of power in overcoming unnecessary fluid friction. 

2. Must suit the lubrication system. 

3. Must be of such a nature that it will not produce deposits during use when 
exposed to the influence of the air, gas, water, or impurities with which the oil 
may come into more or less intimate contact while performing its duty. 

274. Tests of Lubricating Oils. — There are a large number of physical 
and chemical tests to which an oil may be subjected for the purpose of 
determining its quality and adaptability to a given purpose. Many of 
these, however, are of minor importance except to the oil refiner, the 
chemist, or the lubricating engineer. In a bulletin, published by the 
American Society for Testing Materials and entitled, “The Significance 
of Tests of Petroleum Products, the following statements are made: 

The rapid growth of the petroleum industry has been accompanied by the 
development of a variety of physical and chemical methods for the testing of 
petroleum products. 

Physical tests are more widely used than chemical tests. This is natural, 
in view of the fact that the utility of petroleum products depends to a large extent 
upon their physical characteristics. Some of these physical tests are of little 
value except as they serve the refiner in controlling manufacturing processes, 
while others are useful both to consumer and to manufacturer as an index of the 
.value or fitness of products for particular uses. 

Such chemical tests as now eidst serve principally to protect against impurities 
or undesirable constituents. This is because petroleum is an extremely complex 
raw material, varying greatly in composition in the various producing fields, 

^Thomsen, ‘^Practice of Lubrication.^' 
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with each new field bringing its own peculiar problems. Little is known about 
the chemistry of petroleum at the present time, but it may reasonably be expected 
that a considerable advance along this line will be made in the future. 

Some of the more important tests, together with their definition 
or meaning, the recommended procedure followed in making them, and 
their significance and value, are as follows: 

276. Gravity. — In testing oils for gravity, the same method is followed 
as that discussed in Chap. VIII on the Gravity of Fuels. The A.S.T.M. 
bulletin previously referred to states: “The property of gravity is of 
importance in the control of refinery operations. It is of little signifi- 
cance as an index of the quality or usefulness of a finished product and 
its use in specifications is to be avoided. 

Regarding other tests of lubricating oils of more or less importance, 
the above-mentioned bulletin states as follows: 

276. Color. — The color of petroleum products is described and defined in 
terms of color by reflected light or by transmitted light. Color requirements of 
lubricating oils are frequently overemphasized as color does not necessarily 
indicate quality. A fallacy, which is prevalent among consumers, is that pale 
color indicates low viscosity. 

277. Cloud and Poxir Points. — Petroleum oils become more or less plastic 
solids when sufficiently cooled, due either to partial separation of wax or to con- 
gealing of the hydrocarbons composing the oil. With some oil^ the separation 
of wax becomes visible at temperatures slightly above the solidification point, 
and when that temperature is observed, under prescribed conditions, it is known 
as the “cloud point.^' With oils in which wax separation does not take place 
prior to solidification, or in which the separation is not visible, the cloud point 
cannot be determined. That temperature at which the oil just flows under 
prescribed conditions is known as the “pour point, irrespective of whether the 
cloud point is observable. Oils vary widely in these characteristics depending 
upon the source of the crude oil from which they are made, upon the grade or 
kind, and upon the method of manufacture. 

The cloud point is of value when the oil is to be used in wick-feed service, 
or when a haze or cloud in the oil above a given temperature would be objection- 
able for any reason. However, the test may give misleading results if the oil 
is not dry, due to the separation of water, and the test should always be inter- 
preted with this fact in mind. In general, tthe cloud point is of more limited 
value and narrower in range of application than the pour point. 

The pour point gives an indication of the temperature below which it might 
be dangerous to use the oil in gravity lubricating systems. No single test can 
be devised which can be taken as a positive and direct measure of the performance 
of an oil under all conditions of service, and the pour test should be regarded 
as giving only an indication of what may be expected. Consequently, cloud and 
pour points should be interpreted in the light of actual performance under the 
particular conditions of use. 
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278. Viscosity. — The viscosity of a fluid is the measure of its resistance to flow* 
In most commercial work an expression involving the time in seconds required 
for a measured volume of oil to flow, under specified conditions, through a care- 
fully standardized tube, is known as the viscosity of the oil. In practice, at 
least three different instruments must be employed in commercial testing: one 
for light distillates, one for lubricating oils, and one for heavy fuel and road 
oils. As viscosity changes rapidly with temperature, a numerical value of vis- 
cosity has no significance unless both the temperature and the instrument are 
specified. 

279. Viscosimeters for Lubricating Oils. — The Saybolt Universal Viscosimeter 
(Fig. 281) is now used almost universally in the United States for determination 
of the viscosity of lubricating oils. On the lighter oils the measurements are 



Fig. 281. — Testing oil for viscosity. 


made at 100 or 130°F., and on the more viscous oils at 210°F. The instrument 
gives reliable results at any temperature between about 31 and 210°F., provided 
the oil is not near its solid point or its flash point. Above 210®F., radiation 
losses become so large that the results are not satisfactory, and recourse must 
be had to instruments such as the Ostwald type of viscosimeter, described by 
Bingham, which can be completely immersed in a high-temperature bath. 

The Saybolt Furol Viscosimeter ft applicable to, and generally recommended 
fojr, the determination of the viscosity of heavy fuel and road oils. The tempera- 
ture usually employed is 122°F- 

289. Significance of Viscosity. — ^The significance of viscosity depends upon 
the purpose for which the oil is to be used. 

For lubricating oils, viscosity is the most important single property. In a 
bearing operating properly, with a fluid film separating the surfaces, the viscosity 
of the oil at the operating temperature is the property which determines the 
bearing friction, heat generation, and the rate of flow under given conditions of 
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load, speed, and bearing design. The oil should be viscous enough to maintain a 
fluid film between the bearing surfaces in spite of the pressure tending to squeeze 
it out. While a reasonable factor of safety is essential, excessive viscosity means 
unnecessary friction and heat generation. Since the rate of change of viscosity 
with temperature varies with different oils, viscosity tests should, in general, be 
made at that standard temperature which approximates most closely the tempera- 
ture of use. 

281. S.A.E. Viscosity Numbers. — In order to provide some standard 
means of designation of motor-oil grades, the Society of Automotive 
Engineers, cooperating with the oil refiners and automotive manu- 
facturers, has worked out an oil-grading system, based upon viscosity 
numbers as indicated in Table XIV. As noted, the measured viscosity 
in seconds by the Saybolt Universal Viscosimeter (Fig. 281) is taken at 
130 and 210°F. to provide a knowledge of the relative change in fluidity 
between average operating crankcase temperatures. The oil manu- 
facturer designates the various grades by means of numbers instead 
of in the usual manner, the number being stamped on the container. 
The user, knowing the viscosity number recommended by the engine 
manufacturer, selects the oil accordingly. Obviously, the adoption of 
this system v^l go far in eliminating the necessity for using descriptive 
terms, such as light, medium, heavy, etc., which at best have proved 
somewhat misleading. 

Other lubricating oil tests, of little significance except to the refiner, 
are flash and fire tests, carbon residue, and neutralization number. 

ENGINE LUBRICATION 

The lubrication of an engine may be considered under two distinct 
heads: namely, (1) the choice and use of the correct kind and grade of 
lubricant and (2) the choice, design, construction, and operation of the 
system with which the engine is equipped. A good lubricating system 
must be efficient in operation, reliable, troubleproof, and simple. Yet, 
even though it possesses all these important features, if a poor-quality 
lubricant or one of incorrect grade is used, unsatisfactory service is likely 
to result. 

As previously stated, in selecting the oil to be used,' satisfactory results 
are moijp likely to be obtained if the advice and recommendations of the 
engine manufacturer are followed. Then, having selected a suitable oil, 
one should familiarize himself with the construction and operation of the 
lubrication system of the engine itself and see that it functions properly 
at all times. 

282. Parts Requiring Lubrication. — The most important parts of a 
gas engine requiring lubrication are as follows: 
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1. Cylinder walls and piston. 

2. Piston pin. 

3. Crankshaft and connecting-rod bearings. 

4. The camshaft bearings. 

5. The valves and valve-operating mechanism. 

6. Other moving parts, such as cooling fan, water pump, ignition mechanism, and 
so on. 


Table XIV. — Ceankcase Lubricating-oil Viscosity Numbers 
(S.A.E. Recommended Practice) 


Viscosity range, ^ Saybolt Universal, sec. 


S.A.E. 

viscosity 

number 

At 130°F. 

At 210°P. 

Min. 

Max. 

Min. 

Max. 

10 

90 

Less than 120 

' 


20 

120 

Less than 185 



30 

185 

Less than 255 



40 

265 



Less than 75 

50 



75 

Le§s than 105 

00 



105 

Less than 125 

70 



125 

Less than 150 

low 

5,000 to 10,000 (at 0°F.) 



20W 

10,000 to 40,000 (at O^F.) 




In. the case of prediluted oils, S.A.E. viscosity numbers, by which the oils are classified, shall be 
determined by the viscosity of the undiluted oils. 

Wherever the S.A.E. viscosity numbers are used on prediluted oils, the container labels should show 
in some suitable manner that the S.A.E. number applies to the undiluted oil. 

1 Oils with viscosities falling between the ranges specified shall be classified in the next lower grades. 

283. Systems of Engine Lubrication. — The following outline gives, in 
a general way, the methods and systems commonly used in lubricating 
the types of engines mentioned: 

1. Stationary Farm Engines. 

a. Bearings by compression^ grease cups, and cylinder and piston by gravity 
sight-feed oiler. Other parts by hand. 

b. Simple splash system. 

2. Stationary Heavy-duty Engines. 

a. External mechanical force feed. 

h. Circulating force feed and splash. 

3. Multiple-cylinder Medium- and High-speed Engines. 

a. Simple circulating-splash system. 

b. Internal force-feed and splash system - 

c. Internal force feed alone. 

d. External force feed. 

284. Farm Gas<-engme Lubricati6n.-^The lubrication of the common 
types of farm gas engines is comparatively simple, for the reason that the 
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engine is simple in construction and operates at a rather low speed. 



Fig. 282. — Construction and operation’ of a gravity siglit-feed oiler. 



Fig. 283. Fig. 284. 

Fig. 283. — Cylinder lubrication using a gravity oiler. 

Fig. 284. — Farm-engine lubrication by means of grease cups. 


Most of the engines of this type are lubricated by method la in the above 
outline. A gravity sight-feed oiler (Fig. 282) supplies oil for the cylinder 


and piston, as shown by Fig. ,283. A hole in 
the piston and connecting rod also permits 
this oU to lubricate the piston pin and 
bearing. 

The oil drops from the main chamber of 
the oiler to a small drip chamber underneath 
and then into the tube or passage leading to 
the cylinder. The amount of oil fed is con- 
trolled by means of a knurled nut, which is so 
adjusted that the cylinder receives a certain 
number of drops per minute. This varies 
from 5 to 20 depending upon the size of the 



Fig. 285. — Construction and 
lubrication of a plain crankshaft 
bearing on a farm engine. 


engiae. Frequent adjustment is necessary owing to temperature 


changes or variation in the viscosity of the oil. Oil will drop slower in 
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cold weather or when the engine is cold. Likewise, a heavy oil will have a 
tendency to feed slower than a hghter oil. The oil feed can be cut off or 
turned on instantly by means of the small trip lever just above the 
adjusting nut. In addition to the parts already mentioned, this type 
of oiler is equipped with a check valve just underneath the drip chamber. 
This permits the oil to pass downward to the cylinder but prevents the 

GREASE CUP , 


SWAP 


CUP SHOULD as TURHEO DOWN 
UNTIL GREASE APPEARS AT 
THE ENOS OF SEARING 

Fig. 286. — Compression grease-cup construction and operation. 

back pressure from the explosion from blowing the oil upward through 
the oiler and thus interfering with the uniform dropping and flowing of the 
oil. 

The other important parts of the engine requiring lubrication, such as 
the connecting-rod and main crankshaft bearings, are usually lubricated 

by means of compression grease cups, 
as shown by Fig. 284. Figures 285 
and 286 show in detail how these bear- 
ings are constructed and how the grease 
is supplied to them. Figure 287 illu- 
strates a compression grease cup of the 
automatic-feed type, which is some- 
what more convenient than the plain 
type of cup. 

Figure 288 shows an engine with the 
crankcase enclosed. To facilitate 
greasing the connecting-rod bearing, 
the crankshaft is drilled or hollowed out from one end into the crank 
journal. A grease cup attached to this end of the crankshaft forces 
grease through the passage to the bearing. 



Fig. 287. — A special type of compression 
grease cup. 
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Other parts, such as the push rod, governor, valve stems, and ignition 
mechanism, are usually oiled at frequent intervals by means of an ordi- 
nary squirt can when the engine is in operation. 

Some of the smaller, later models of farm engines are oiled almost 
entirely by a plain splash system, which necessitates almost complete 
enclosure of the working parts with an oiltight dustproof housing. 
Figure 289 illustrates ah engine of this type in which the governor weights 
splash the oil to the working parts. 

The principal advantages of this system are simplicity, convenience, 
decreased oil consumption, and more positive lubrication. On the other 
hand, care must be taken to see that leaks in the housing and around 
the bearings do not develop. Engines with enclosed crankcases are 
usually equipped with breathers to relieve the pressure in the crankcase 
due to the pumping action of the piston. 

LUBRICATION OF MULTIPLE-CYLINDER AND TRACTOR ENGINES 

The proper lubrication of a multiple-cylinder engine, such as that used 
in an automobile, tractor, or truck, is a somewhat more difficult problem, 
owing to the greater number of parts and the higher operating speed. 
Likewise lubrication is the most important factor in the satisfactory oper- 
ation and service of the farm tractor. Because a tractor operates under 
conditions that are conducive to rapid wear, such as heavy loads, high 
temperatures, exposure to dust and dirt, and travel over rough ground, 
any slight defect in the lubrication system or temporary neglect in this 
respect will likely f esult in unexpected trouble. Faithful attention to all 
lubrication detail^ .by every tractor owner and operator is of utmost 
importance if the greatest possible service is to be secured from the 
machine. 

The lubrication of a farm tractor may be considered under three 
heads: namely, (1) engine, (2) transmission, and (3) chassis. Each is 
lubricated in a different manner and will be discussed separately. 

There is considerable variation in the construction and operation of 
the engine-lubrication systems found on different tractors. However, the 
systems used may be placed under one or the other of the four systems 
indicated in Par. 283 as adapted to multiple-cylinder engines. 

286. Circulating Splash. — In the circulating-splash system the 
lubrication of all the principal engine parts is dependent directly upon the 
splashing and spraying of the oil by the connecting rods dipping into it. 
The one important requirement for its successful operation is the main- 
tenance of a uniform oil level under the rods. This is done by maintaining 
a continuous flow of oil from the sump or reservoir into a splash pan that 
has a depression or trough under each rod. 
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Figure 290 shows the Fordson tractor engine, which utilizes the fly- 
wheel to circulate the oil. The flywheel housing serves as a reservoir, and 
a tube leading from a point directly over the flywheel to the front near the 
timing gears keeps the troughs full. The oil, as it returns to the reservoir, 
must pass through a screen which removes any sediment, dirt, or other 
foreign matter. The proper oil level is determined by two test cocks, the 
lower one indicating the low level and the upper one the high level. In 
this' tractor the engine oil also lubricates the clutch and steering gear. 



Fig. 294. — Vertical, four-cylinder tractor engine equipped with full internal force-feed 

lubrication system. 

Figure 291 shows the lubrication system used in some McCormick- 
Deering tractors. A gear pump, driven from the camshaft, pumps the 
oil from the reservoir up into the splash pan. A dial-type indicator shows 
whether the pump is working or not. A fine screen around the pump inlet 
prevents sediment and dirt from being circulated. Figure 292 shows this 
system with a special externally connected filter. Two test cocks on the 
side of the sump are provided for determining the oil level. 

286. Internal Forc6 Feed and Splash. — In this system (Fig, 293) 
the oil is forced directly to the main crankshaft, connecting-rod, and 
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camshaft bearings. Drilled passages in the crankshaft carry the oil 
from the main bearings to the connecting-rod bearings as shown. The 
oil oozing out of these bearings creates a spray that lubricates the cylinder 
walls, pistons, and piston pins. The connecting rods do not dip in the 
oil, and a splash pan is unnecessary. A pressure indicator, connected 



Fig. 297. — The external force-feed system of lubrication. 


as illustrated, shows whether the pump is working and the pressure being 
maintained. The valve rocker arms are oiled from a trough attached 
to the underside of the cylinder-head cover. In other engines (Fi^s. 
294 and 296) using the internal force-feed and splash system, the valve 
mechanism is oiled by pressure from the crankcase as shown. 



287. Full Internal Force Feed. — This system goes a step farther and 
forces the oil, not only to the main crankshaft, connecting-rod, and 
camshaft bearings, as previously described, but also to the piston-pin 
bearings through tubes or passages that lead from the connecting-rod 
bearing, up the connecting rod to the piston pin, as shown in Figs. 295 
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and 296. The cylinders and pistons receive their oil from the piston pins 
and from the mist created by the oil issuing from the various bearings. 
The valve mechanism likewise is oiled, usually by a pressure feed as 
indicated. 

288. External Force Feed. — Some heavy-duty engines are lubricated 
by means of an external force-feed oiler (Fig. 297). 

The oiler (Fig. 298) consists essentially of a snaall rectangular reservoir mounted on 
the engine and containing a number of small pumping units immersed in the oil. 

These pumps force the oil under high pressure 
through small, metal tubes to the cylinders, 
pistons, bearings, and other working parts that 
need a continuous supply. The oiler may be 
driven by a small pulley and belt or by an oscil- 
lating arm and ratchet device. A sight-feed 
arrangement on the top enables one to observe 
the number of drops per minute that are pumped. 
If the amount is incorrect it can be changed by 
means of the adjusting screw -D (Fig. 299). 

The construction and operation of a pumping 
unit are as follows: The unit itself is made up of 
two plungers B and F (Fig. 299). The oil from 
the reservoir is first received by cylinder C and 
delivered by plunger B through the sight-feed 
arrangement at E. It is then received by plunger 
F and forced through a connecting tube to the 
bearing. 

Although there are a number of makes 

of these oilers and they differ somewhat in 

construction and operation, the general 

principles are very similar. They are 

mechanism for an external force- j^iade in sizes varying from One or two 
feed oiler. • . -i r i t i 

■pumping units for single-cylinder steam 
and ga^ engines up to 20 or more pumping units and leads for special 
multiple-cylinder engines. 

With this system, fresh oil is supplied constantly to the working parts. 
However, this often results in the consumption of a greater quantity of 
oil than the engine would use if equipped with a splash or other system of 
lubrication. Another advantage is that these oilers will handle* heavy 
oils or oils thickened by low temperatures very satisfactorily.' 

289. Oil -circulating Pumps. — Two types of pumps are used for ciicu- 
lating the oil in engines equipped with either the circulating-splash, the 
internal force-feed and splash, or the full internal force-fe^d system. The 
most used type is the gear pump (Fig. 300). It consists of two small 
spur gears held in a horizontal position and enclosed in a close-fitting, oil- 
tight housing. A vertical shaft from the camshaft of the engine drives 



Fig. 299. — Pumping unit and 
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one pump gear and it, in turn, drives the second gear. The oil enters on 
that side of the housing on which the gear teeth are turning away from 
each other, or going out of mesh, and is carried between 'the teeth and the 
inner surface of the housing around to the opposite side and discharged. 

A second type of oil pump, known as a revolving-vane pump, is shown 
in Fig. 301. This type is limited in use. 

290. Oil Pressures — ^Relief Valves.— The force or pressure applied 
to the oil by the pump depends largely upon the lubrication system. A 
plain circulating-splash system requires very little pressure, usually from 
2 to 5 lb. per square inch. On the other hand, a full force-feed system 
requires that the oil be pumped a greater distance through numerous 
tubes and passages and in sufficient quantity at all times to insure the 



(S/jaf’off vafve. Open va/ve 
on/y to c/etermine pressure 


Fig. 302. — An oil-pressure indicator and relief valve- 


proper lubrication of the various parts. Therefore, in different engines, a 
higher pressure ranging from 10 to 40 lb. is necessary. 

In order to maintain the correct pressure and control the quantity of 
oil circulated, a relief valve (Fig. 302) is connected to the oil-distribution 
system at some point, usually near the pump-discharge line. This valve 
consists essentially of a ball held in place over an opening by an adjustable 
spring. The valv6 operates in such a way that it will permit a certain 
amount of the oil to by-pass back to the oil reservoir as it leaves the 
pump. That is, if the spring tension is decreased, more oil will by-pass, 
and less will be forced through the system. If the tension is increased, 
less oil will go by the valve and back to the reservoir and more will be 
forced through the system. 

291, Oil Gages and Indicators, — ^Any engine having an enclosed crank- 
case and using a circulating-splash or an internal force-feed system of 
lubrication must have two oil indicators as follows: 


1. An oil-level indicator. 

2. An oil-pressure or circulation indicator. 
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FLY-WHEEL - 
UPPER TEST COCK- 
CRANK CASE PAN- 


LARGE DRAIN COCK 


LOWER TEST COCK 
OIL DRAIN PLUS 


Fig. 303. — -Test cocks for determining oil level 


Fig. 304. — Th6 bayonet-type oil-level gage. 
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The oil-level indicator shows the quantity of oil in the crankcase 
sump or reservoir and whether it is low, half full, or full, and so on. The 
•usual types are (1) test cocks (Fig. 303) (one for low level and one for 
high level), and (2) bayonet gage (Fig. 304). In any case the oil level 
should not be allowed to drop very much below the upper or full point. 
The lower the level, the less the quantity of oil being circulated and 
the greater the rate of circulation and absorption of sediment and heat. 

The maintenance of the correct pressure in any internal force-feed 
system is very important. For most engines a pressure of 25 to 40 lb. is 
recommended. As the bearings and cylinders wear, there will be a slight 
drop in pressure. Should -this become appreciable, it can usually be 
restored by adjusting the relief valve (Fig. 302). If the drop develops 
suddenly rather than gradually, the engine should be stopped immediately 
and the cause determined. The trouble may be : 

1. Too thin oil. 

2. Lack of oil. ^ 

3. Oil too cold or too heavy to flow. 

4. Broken pump parts or oil lines. 

5. Clogged oil screen or oil line. 

» 

An oil-pressure gage of some kind, connected to the distributing lines, 
is usually placed at some convenient external point to show the operator 
that the oil is being circulated and to indicate the pressure being main- 
tained. Figure 295 illustrates the common type of gage used. Another 
type consists merely of a slender vertical plunger which extends upward 
through the engine housing. As soon as the engine starts and the oil 
starts circulating, this plunger rises vertically and is held in this position 
by the oil pressure. If, for any reason, the oil is not circulating or the 
pressure is low^ the indicator fails to rise. 

292. Oil Filters. — Some tractors are equipped with an oil filter 
(Fig. 306), through which all the oil must pass before reaching the 
bearings and parts to be oiled. . Referring to the figure, the oil comes 
through the inlet passage and fills the space between the outer housing and 
the felt filtering element. Since it is under pressure, it readily passes 
through the filtering material, which takes up the sediment and other 
solid matter. The oil then enters the central passage and passes down- 
ward and out to the bearings. These filters should be cleaned periodically 
by removing the element and washing it in gasoline according to directions. 

In cleaning the oil filter shoif^n in Fig. 306, the element is not removed. 
Instead the drhin plug is unscrewed and the engine started and allowed 
to run until about 2 quarts of oil drain f3;om the filter; then the plug is 
replaced. The removal of the drain plug allows the oil-flow reversing 
valve to drop by spring pressure, thus closing thie oil passage leading from 
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the pump to the outside of the filtering element. This forces the oil m 
the opposite direction through the differential safety valve ® 

element, carrying with it all the dirty oil that has collected on the e 
When the drain plug is replaced it forces the reversing valve back m place 
so that the oil will flow through the filtering eleinent normally. 



Fig. 


305. — Oil filter with 
filtering element. 


removable Fig. 306. 


Oil filter which is drained 
cleaned by reversing the oil flow. 


and 


293 Engine Lubrication Troubles.— As already stated, the primary 
requirements for the proper lubrication of an engine under all operating 
conditions are (1) the design and construction of a dependable system of 
oil circulation and distribution, and (2) the selection of a lubricant of the 
correct grade and quality. However, the satisfactory operation of th 
engine from the standpoint of lubrication is also dependent upon certain 
other conditions. Some of these are. 

1 Periodic and regular changing of the oH. j r.„<.T,+i+v 

2 Careful observation and regulation of the oil-reservoir supply and the quantity 
distributed or fed to the parts requiring lubncation. 
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3. Prevention of pollution of the oil from any or all of the following sources: 

' a. Solid matter of. a foreign nature, such . as dust, dirt, seeds, particles of 
vegetable matter, iron and steel particles, and so on, which may get^into the 
reservoir through unprotected openings or by carelessness in handling the oil 
or working around the engine. . 

6* Water from leaks in the cooling system or through unprotected openings, 
c. Liquid fuel which may be taken into the cylinders in an unvaporized condi- 
tion and, remaining unburned, may get by the piston and rings, diluting the 
oil. 

■ d. Particles of carbon due to excess carbon deposits in the combustion space, 
and the piston-ring grooves. 

The above discussion applies particularly to enclosed crankcase 
engines in which there is a continuous circulation of the same oil. 

294. Changing Oil. — Regular and periodic changing of the crankcase 
oil is very important, not only because it may become polluted as outlined 
above, but because it becomes thinner and less oily, so to speak, owing to 
exposure to the high engine temperature and the resultant partial 
decomposition. No set rules can be laid down and applied to any and all 
types of engines concerning the best procedure to follow. However, the 
following general suggestions are more or less uniformly applicable: 

1. Change the oil in new or recently overhauled vehicle engines after from 100 to 
500 miles of running, depending on whether it is an automobile, truck, motorcycle, etc. 

2. In used or so-called run-in vehicle engines, change the oil every 500 to 1,000 
miles. 

3. In new or recently overhauled tractors, change the oil after 10 to 25 hr. of 
operation. 

4. In used or run-in tractors, change the oil after 60 to 70 hr. of operation. 

5. Always drain the engine when hot, as the oil is thinner and will drain out quicker 
and more completely. 

6. When changing the oil, jdush the crankcase, using only a special flushing oil or a 
similar thin grade of oil. Do not use kerosene for flushing, because it lodges in 
depressions and pockets and thins the fresh lubricant. In flushing an engine, put in 
the required amount of flushing oil and operate engine from 30 sec. to 1 min. before 
draining it out. 

7. Clean or change oil-filter element and pump screen, if removable, at frequent 
intervals. 

296. Oil Consumption. — One of the most vital problems connected 
with the satisfactory lubrication of any internal-combustion engine is that 
of oil consumption. A limited or reasonable oil consumption com- 
mensurate with satisfactory engine performance under all operating 
conditions is the goal of the designer and the demand of the user. 

OH. is consumed or lost in several ways as follows: 

1. By working past the piston into the combustion chamber and being burned. 

2. By escaping from the crankcase as a mist or vapor! 

3. By leakage. 
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The important factors affecting the oil consumption of a given engine 
are: 

1. Engine speed. 

2. Engine design and changes due to wear. 

3. Oil characteristics. ■ 

Engine speed is the most important factor affecting oil consumption, 
as shown by the curves in Fig. 307.^ Numerous tests as well as actual 
experience provide conclusive proof of this fact. The reasons for 



Fig. 307. — Curves showing effect of engine speed on oil consumption. 

increased oil consumption at increased engine speeds are (1) the higher 
oil temperature decreases the oil viscosity; and (2) more oil is thrown 
on the cylinder walls owing to the greater pumping pressure and the 
increased centrifugal force of the crankshaft. 

The loss of oil that works past the pistons is commonly termed oil 
pumping, A limited loss in this manner can be expected unless the 
engine is new or nearly so and is in almost perfect mechanical condition. 
As the period of service lengthens, the oil' loss by pumping increases 
because the piston rings and cylinder become worn, and carbon accumu- 
lates in the ring grooves. The use of special oil-control piston rings and 
the drilling of small holes in the lower ring grooves appear to be the best 

^S.A.E, Jour., Vol. 29, No. 3. 
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means of reducing oil pumping. Oil-control rings should not be used in 
more than the two lowest grooves, and, in general, a single oil-eontrol ring 
in the lowest groove is sufficient. 

Oil viscosity has an important bearing upon oil consumption. How- 
ever, the practice of using an oil having a viscosity higher than is ordi- 
narily recommended for a given engine iii order to reduce pumping losses, 
is to be discouraged for the reason that such an oil may prove too heavy to 
provide proper lubrication, particularly at low temperatures. 

Very often two different brands of oil of the same viscosity specifica- 
tions will vary in their loss characteristics. This variation is probably 
due to a difference in volatility. Regarding the volatility of lubricating 
oils and its effect on losses, Wilson^ states as follows: 

Volatility of an oil is a quality which depends very largely upon the process of 
refining the oil. Even some of the higher priced oils contain an appreciable 
amount of volatile material. 

Siace the advent of crankcase ventilation, the matter of volatile material in 
the oil has become more important because of its effect upon oil consumption. 
And not all the loss through the ventilating outlet is in the form of vapor, for 
the draft of air carries along some oil in the form of fog or mist. The amount 
so carried away depends upon the driving speed. The amount of volatile mate- 
rial, which is lost at high speed, is not only the volatile material contained in the 
new oil, but also the amount resulting from any breaking up of the oil due to the 
high temperature reached by that which comes in contact with hot surfaces or 
gases. Volatility is of little consequence until the oil temperature exceeds 170°F. 
A motor oil should be nonvolatile at cylinder-wall temperature but volatile at 
combustion-chamber temperature. 

296. Pollution of the Oil. — Foreign matter may find its way into the 
engine crankcase in a number of ways. Metal particles are being 
constantly worn or broken off from bearings and other parts. Dust 
and dirt particles will be drawn in through the breather opening if the 
latter is not provided with an effective screen or filter. A breather is a 
necessary part of an enclosed-crankcase engine for the reason that the 
pistons create a pumping action and, therefore, an uneven pressure, 
which might otherwise force the oil out through the crankcase joints 
or upward past the pistons and into the combustion chamber. The 
breather also usually serves as the oil-filler opening. 

Care should likewise be taken that dirt and small pieces of metal do 
not drop into the crankcase or engine housing when repairs and adjust- 
ments are being made. 

The principal objection to this solid foreign matter is that it is apt 
to clog the oil lines or scratch the cylinder and piston surfaces. 

^ Univ. Wis.f Eng. Exp. Sta.j Bull 78. 
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Water that may find its way into the oil is liable to cause rusting 
and corrosion of the working parts. It also forms an emulsion with the 
oil and renders the latter less effective. Water accumulating in the 
crankcase is usually indicated by the rising oil level and its appearance 
in the bottom of the crankcase when the drain plug is first removed. 

Dilution of the lubricating oil by the liquid fuel may take place owing 
to (1) a poor carburetor setting that permits too rich a mixture to enter 
the engine, (2) excessive choking in an attempt to make the engine start, 
particularly in cold weather, and (3) loose, badly worn piston rings that 
permit the fuel to pass into the crankcase and condense. 

297 . Carbon Deposits. — certain amount of carbon and carbon 
residue eventually forms and becomes deposited on the closed end of 
the piston, in the ring grooves, and in the cylinder head, as a result 
of the burning and decomposition of small quantities of lubricating oil 
in the normal operation of the engine. This carbon is undesirable for 
several reasons: (1) it often gets* very hot and causes preignition of 
the fuel mixture; (2) it may cause the piston rings to wear rapidly or stick 
in the grooves; (S’) particles work their way into the lubricating oil and 
contaminate it; (4) particles may get under the valves or cause them to 
stick or fail to function; and (5) it may accumulate around the spark 
plug or igniter and result in the failure of the sparking device to ignite the 
fuel charge. 

The use of the correct grade, quality, and amount of lubricating 
oil and the replacement of worn piston rings and badly worn or damaged 
pistons and cylinders are the most important requirements in the pre- 
vention of excessive carbon deposits. 

The frequent removal of carbon from the cylinder head, piston-ring 
grooves, and other parts is advisable for best results. The best pro- 
cedure is to take the engine apart and clean the parts thoroughly by 
scraping. Carbon removal by burning, by means of oxygen and a special 
torch and apparatus, or by the use of kerosene or special carbon-removing 
compounds is seldom more than partially effective. 

TRACTOR TRANSMISSION LUBRICATION . 

The parts involved in the transmission of the power from the engine 
to the rear wheels include the clutch, change-speed gears, differential, and 
final-drive mechanism. The lubrication of the gearing and bearings 
involved is most inaportant because of high pressures developed. 

298 . Clutch Lubrication. — With the exception of the multiple metal- 
disk clutch, found in the Fordson tractor, all tractor clutches are said 
to be of the dry type. The Fordson clutch operates in a bath of oil, 
since it is located in the flywheel housing, which holds the engine oil. 
The only lubrication needed by a dry-type clutch is in the throwout 
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collar and bearing (Fig. 317). This is usually taken care Of by means 
of a grease cup or an ordinary oil can. 

299. Transmission Lubrication. — ^Lubrication is necessary in a 
tractor transmission to eliminate friction and wear in the gear teeth, 
chains and sprockets, and shaft bearings. Since all tractor transmis- 
sions are enclosed in oiltight, dustproof, cast-iron housings, lubrication 
is accomplished by maintaining an oil level such that all parts either will 
operate directly in the lubricant or will have it thrown onto them. 
Figure 338 shows a typical tractor transmission and its lubrication. 

Plugs are provided for putting in fresh oil, draining the used oil, and 
also for testing or indicating the proper level. 

300 . Transmission Lubricant, — The instructions of the manufacturer 
should be followed in the selection of the lubricant to be used in a- tractor 
transmission. Practically all machines, however, use the regular trans- 
mission lubricant recommended for automobiles, trucks, and tractors. 

Changing the oil in the transmission is not so important as changing 
the engine oil. It is not subjected to such high temperatures and, there- 
fore, retains its body more or less indefinitely. Likewise, if proper 
precautions are taken, very little solid matter should find its way into 
the oil. Unless the tractor is used almost continuously for tractive work, 
it is unnecessary to change the transmission lubricant more than once 

or twice a year. In exceptional cases, how- 
ever, where the tractor is used extensively 
under adverse conditions, it is generally advis- 
able to change it once every month or two. 
Best results will be secured by draining the 
oil when the tractor is warm or, if necessary, 
by warming up the transmission housing 
thoroughly with a blow torch or similar heat- 
ing arrangement. 

301 . Chassis Lubrication. — There are a 
number of points on any tractor that cannot 
be reached or conveniently lubricated by the 
engine or transmission oil but require at least 
periodic lubrication. These are found largely 
on the so-called chassis parts and include axle 
bearings, front wheels, steering mechanism 
including steering rods, knuckles, arms, pins and spindles, and control- 
lever bearings. The water pump, clutch-shifting collar, fan, and singiilar 
accessories are usually lubricated in the same way. 

The usual procedure in chassis lubrication is to apply a semifluid 
lubricant or a soft grease to the bearing by some compression device. 
In the earlier tractors, compression grease cups (Fig. 286) were used 
entirely. Eventually, however, the cups would get lost, the passages 



Fig. 308. — Pressure grease 
gun and fittings showing cross 
section of nozzle and fitting. 
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would become plugged up, or the operator would neglect to keep the cups 
filled and screwed down. Therefore, the compression grease cup is being 
discarded to a large extent and being replaced by a high-pressure grease- 
gun system that is more convenient and positive because of the high 
pressure obtainable. 

The high-compression greasing system requires a fitting of some kind 
at each point to be lubricated. A grease gx^ (Figs. 308 and 309), when 
applied to the fitting, forces the lubricant under great pressure to the 
bearing. 



Fig. 309. — Method of lubricating track roller and other bearings of track mechanism. 

Front-wheel bearings are frequently lubricated by filling the hub caps 
with grease as in automobiles. 

As a rule, chassis parts should be lubricated at least once daily. 
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CHAPTER XXII 
CLUTCHES 

Some means of disconnecting the power unit from the transmission 
gears and drive wheels of a tractor are necessary because (1) the internal- 
combustion engine as used in a tractor must be cranked manually 
or by a special starting mechanism; (2) this type of engine must attain a 
certain speed before it will have any power; (3) shifting of the transmission 
gears must be permitted for the purpose of securing different traveling 
speeds; and (4) stopping the belt pulley must be permitted without 
having to stop the engine. All these can be taken care of by placing 
a clutch between the engine and the transmission gears and belt pulley. 

302. Clutch Location.— The location of the clutch depends upon the 
general layout of the tractor. From Fig. 310A, it will be seen that if 
the engine is placed crosswise of the frame, the clutch is built in the belt 
pulley on one end of the crankshaft. Figure 3105 shows that if the 
engine is placed lengthwise, the clutch is just behind the flywheel on 
the rear end of the crankshaft and the belt pulley is gear driven. 

303. Clutch Requirements,— A satisfactory tractor clutch must 
fulfill the following requirements: (1) It should not slip, grab, or drag; 
and, (2) it should be convenient, accessible, and easy to operate, adjust, 
and repair. 

TYPES OF CLUTCHES 

Tractor clutches may be classified as follows: 

1. Contracting band. 

2. Cone. 

3. Expanding shoe. 

4. Multiple disk, 

а. Dry disk (lined). 

б. Oil type (unlined). 

5. Single plate. 

а. Hand-lever operated. 

б. Foot operated. 

6. Twin disk. 

Of the types listed above the first two were used to a limited extent 
in early machines but are now obsolete. Likewise, the multiple-disk 
clutch has been practically superseded by the single-plate and twin-disk 
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types. Disk-type clutches seem more nearly to meet the requirements 
of a satisfactory clutch as previously mentioned. 

304- Contracting Band. — The contracting-band clutch (Fig. 311) 
is a very simple device, consisting essentially of a lined steel band that 
fits around a flange projection on the flywheel. One end of the band is 



Fig. 310. — Conventional tractor transmission layouts: (il) engine crosswise of the frame; 
(B) engine lengthwise of the frame. 


fastened to a pivoted arm, whose inner end is moved outward from the 
shaft center by a sliding cone. This causes the band to contract about; 
the flange and turn With the flywheel. Since the band, arms, cone, and 
complete clutch assembly are fastened rigidly to a shaft carrjdng the 
belt pulley and some of the transmission gears, the engagement of the 
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clutch connects the engine with the pulley and the transmission. A 
threaded bolt with nut, which supports one end of the band as shown, 



Fig. 311. — Contracting-band clutch. 


provides a simple means of adjustment to overcome wear and slippage. 

The ordinary asbestos-fabric brake- 
band lining is used for this clutch. 

306. Cone Clutch. — The prin- 
cipal member of the cone-clutch 
assembly (Fig. 312) is a metal disk 
with a conical peripheral surface 
that engages with a similarly 
shaped recess in the flywheel. The 
c6ne is faced with ordinary brake 
lining. A heavy spring, placed 
behind the cone, exerts sufl&cient 
pressure to insure its positive en- 
gagement. A sleeve fastened to 
the cone extends back and is bolted 
to the transmission shaft. There- 
fore, engagement of the clutch con- 
nects the gears with the engine. 
Disengagement is produced by slid- 
ing the cone and sleeve backward 
on the flywheel shaft extension 
against the spring pressure. 

306. Expanding-shoe Clutch.— The expanding-shoe clutch' (Fig; 313) 
consists of two or more iron shoes, which pivot on pins attached to a cast- 
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iron spider that has as rnany arms as there are shoes. The spider-and- 
shoe assembly is fastened rigidly to the transmission shaft. The shoes 



Fig. 313. — Expanding-shoe clutch showing method of adjustment. 
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CLUTCH SPIDER 
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Fig. 314.— Multiple-disk clutch. 


are connected to a sliding clutch collar by means of a bell crank and lever 
mechanism so that in engaging the clutch this collar pushes the shoe 
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facee against the inner rim surface of the flywheel, thus connecting 
the engine with the transmission. 

The adjustment of this clutch involves shortening or lengthening the 
connection between the sliding collar and the shoe. The two-shoe 
clutch (Fig. 313), has* a turnbuckle that permits adjusting both shoes 
at the same time and therefore insures equal adjustment. 

307* Multiple-disk Clutch. — multiple-disk clutch (Fig. 314) con- 
sists of a number of thin metal plates, at least five or more, arranged 
alternately as driving and driven disks. One set is attached to the fly- 
wheel and the other to the clutch shaft and transmission. If the plates 
are firmly pressed together the clutch is said to be engaged and power is 
transmitted. This pressure is secured by means of a housing and a^set 
of heavy springs as shown. The clutch throwout collar is attached to 
the -rear part of the housing so that the depression of the operating lever 



Fig. 315- — Multiple-disk clutch which runs in oil. {Courtesy of Ford Motor Company.) 

slides the housing backward and compresses the springs. This enlarges 
the plate space and permits one set to rotate free and independent of 
the other set. 

In the dry-type multiple-disk clutch (Fig. 314) the driven plates are 
faced on each side with friction material. The only part requiring 
lubrication is the throwout collar. The plates should be kept clean and 
dry. If slippage develops due to wear, it can be overcome by increasing 
the tension of the three springs by tightening up on the nuts. 

The clutch shown in Fig. 315 is a multiple-disk type that runs in oil. 
The thin steel plates are perfectly smooth and unlined. The eight 
driving plates are notched to fit the six square flywheel studs and there- 
fore always turn with the engine. The nine driven plates are notched to 
fit in the clutch drum, which is fastened to tho transmission shaft. When 
the two halves of the housing are bolted together, the springs tend to 
force the entire housing backward on the shaft. Since the drum is 
fixed, this action pinches the plates firmly together between it and the 
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front half of the housing, and the entire assembly turns as a unit. When 
the clutch foot lever is depressed, it slides the entire housing forward and 
compresses the springs. This widens the plate space between the front 
half of the housing and the drum and permits the two sets of plates to 
slip past each other and turn independently. No adjustment is provided. 
Owing to the fact that the entire mechanism operates in oil, very little 
wear occurs. If slippage develops, it will be due to weak springs or badly 
worn plates. In such cases replacement of these parts is necessary. 
If the clutch sticks or does not release easily, it is due to bent plates or 
gum from the lubricating oil. The only remedy is to take the clutch 
apart, clean the plates, and replace those which are' bent or worn. 

308. Single-plate Clutch. — The single-plate clutch (Fig. 316) is a 
disk-type clutch in which a single, thick, iron plate, faced with friction 
material on both sides, serves as the driven member. It engages directly 



Fig. 316. — International single-plate clutch. 


with the fljrwheel on. one side and with an unlined iron driving plate on the 
other. The pressure produced by a number of springs, located between 
the driving plate and the hdusing, which is bolted to the flywheel, holds 
the friction surfaces firmly in contact. Three arms are hinged to the 
housing and have their outer ends connected to eyebolts that screw 
into the driving plate. When the inner ends of the arms are pushed 
toward the flywheel by the throwout collar, the driving plat6 is pulled 
away from the driven member and the clutch is thereby disengaged. 
This clutch does not have any means of aidjustment. 

Unlike the one just described, the single-plate clutch (Fig. 317) does 
not have a separate, housing member, but the thick iron driving plate 
serves as such. A number of heavy coil springs exert a strong pressure 
that holds the plates firmly in engagement against the fljrwheel. The 
releasing action consists of sliding the driving plate- backward on the 
clutch shaft and the pins that bear the springs. This compresses 
the latter and releases the pressure on the driven disk. 
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The single-plate clutch, shown in Eig. 318, differs in certaio. respects 
from those previously described. Instead of using spring pressure to 
produce positive plate contact, it utilizes short bell-crank levers that press 
the plates together. Instead of a foot pedal, a hand lever connected 
to the throwout coUar actuates the bell cranks and thereby releases or 
engages the clutch. Unlike a foot-operated spring-compressed clutch, 
this clutch when disengaged will remain so without holding the lever. 



Fig, 317. — Caterpillar single-plate, foot-operated clutch. 


309. Twin-disk Clutch. — The twin-disk or three-plate type of clutch 
resembles, in certain respects, the single-plate clutch but differs in that 
the flywheel rim does not serve as a friction surface. Instead, as shown 
in Fig. 319, there are three separate plates: a lined driving plate pinned 
to, and rotating with, the flywheel and two unlined driven plates attached 
to the clutch shaft. The driving pressure in all clutches of this type is 
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obtained by bell cranks and a sliding cone-shaped collar rather than by 
heavy springs. Some light springs placed between the driven disks are 
used merely to insure the prompt release of the disks when disengagement 
is desired. The clutch fingers or bell cranks are attached to the threaded 
adjusting collar. Turning this collar to the right brings the fingers closer 
to the movable clamping disk and thus compensates for any wear of the 
lining. The spring-controlled lock- 


pin fits into any one of a series of 
closely spaced holes and provides 
for any amount of adjustment 
desired. 

310, B el t-pulleV Single-plate 
Clutch. — Figures 320 and 321 are 
sectional and disassembled views, 
respectively, of a single-plate-type 
clutch as built into the belt pulley 
of a two-cylinder horizontal engine 
placed crosswise of the tractor 
frame. A heavy cast-iron plate C 
is fixed on the end of the crank- 
shaft, whereas the belt pulley with 
its attached spur gear is free to turn 
on and independently of the crank- 
shaft. An outer cast-iron plate A 
is attached to the belt pulley by 
means of three bolts that extend 
through to the gear side of the 
latter and are connected to the bell- 
crank arms, which in turn are 
attached to a sliding collar and 
hand lever. This outer plate fits 



Fig. 318. — Caterpillar, hand-lever-operated, 
single-plate clutch. 


loosely on the three bolts and has a limited lateral movement. Two 
heavy asbestos-composition rings B and Z) serve as friction facings. 
One is located between the outer plate A and the fixed plate C, and 
the other is between plate C and the belt pulley. As sho-wn by Fig. 
320, the engaging action consists of drawing the plate members and 
friction disks together against the pulley so that the entire assembly 
rotates as a unit. Three light springs, placed between the pulley and the 
outer plate A, provide instant release and prevent dragging when the 
operating lever is in the disengaged position. The adjustment of this 
clutch involves screwing up an equal amount on the three nuts that hold 
the outer plate A in place. It should be so adjusted that a fairly hard 
pull of the hand lever is required to snap the clutch into engagement. 
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Eventually, when the two liners become too thin, further adjustment will 
be unpractical and their replacement is necessary. 



Fig, 321 . ^Belt-pulley, single-plate clutch showing driving plate C, driven plate A, and 

friction rings B and D. 

311. Clutch Brakes. — When a clutch is disengaged for the purpose of 
shifting the transmission gears, the 
driven' member may continue to rotate 
owing either to the slight but normal 
friction between the parts or to a slight 
dragging caused by incomplete dis- 
engagement of the driving and driven 
members. Since some of the, gears are 
on the, clutch shaft, any attempt to 
slide • them into mesh with the other 
transmission gears results in a clashing 
action, which either prevents their 
engagement or, if they are forced into 
mesh, may produce wear or even break 
the teeth. 

In order to stop the clutch shaft the 
instant disengagement occurs, thereby 
permitting immediate shifting of the 
gears without danger of breakage, most 
clutches are provided with a brake of 
some sort that engages the driven mem- 
ber when the clutch lever is. moved to 
the disengaged position. For example, Fig. 317 shows the location of 



Fig. 322 . — Belt-pulley, plate-type clutch 
showing clutch and pulley brake. 
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such a brake for a single-plate clutch. For belt-pulley-type clutches the 
brake is attached as shown by Fig. 322, so that it engages the face of the 
pulley when the clutch is released and instantly stops it, thus permitting 
the gears to be shifted without clashing. It also stops the pulley quickly 
in doing belt work. This type of brake is usually adjustable for wear. 

312. Clutch Linings. — Clutch linings for dry-type clutches are either 
woven or molded. In the manufacture of the woven facing, long-fiber 
asbestos, together with a small percentage of cotton, is twisted around 
fine brass wires to form threads. These threads are then woven into a 
straight band of the proper width, impregnated with a suitable compound 
to act as a binder, and then formed into rings. 

The molded type of facing is made of short-fiber asbestos pressed into 
a hard sheet. The facing rings are then cut by a die into rings, which are 
impregnated with a suitable binder and cured. After curing, the rings 
are ground down to size, drilled, and countersunk. The molded facing 
is the predominating type. 

313. Clutch Troubles and Adjustments. — The modern tractor clutch, 
if given ordinary care and attention, will seldom fail to perform satis- 
factorily. Any abnormal or unusual action is nearly always due to one of 
the following causes: 

1. Failure to keep clutch fully engaged, due to riding the clutch pedal or per- 
mitting hand lever to remain only partly in the engaged position. ' 

2. Failure to keep clutch adjusted to compensate for normal wear. 

3. Permitting oil and grease to get on friction surfaces. 

4. Failure to lubricate the throwout collar and bearings as directed. 

Slippage is the most common clutch trouble and develops from one or 
more of the first three causes just named. It is immediately indicated 
and detected by the tendency of the engine to speed up, when the clutch 
is engaged and a load is applied, without apparently exerting any appre- 
ciable tractive or belt power. Naturally, if for any reason the clutch 
surfaces are not firmly pressed together, there will be some slippage and 
wear. If this condition exists for any length of time, it is apparent that 
undue wear, heat, and other effects will develop, which will produce 
slippage even with the lever fully engaged. The precaution, therefore, is 
always to keep a clutch either completely disengaged or completely 
engaged. If it is desired to let the engine run with the tractor standing 
still, the best practice is to put the gears in neutral and engage the clutch. 
Leaving the gears engaged and holding the clutch disengaged causes heat- 
ing and wearing of the throwout collar and may wear the clutch facings. 

A dragging clutch is one which does not completely disengage. It is 
indicated by failure of the tractor or pulley to stop, and clashing of the 
gears when shifting. A dragging clutch is usually caused by incorrect 
adjustment of the clutch or clutch. lever, or both. 
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The methods of adjusting the various types of clutches have already 
been mentioned. Before making any adjustment it is suggested that the 
clutch construction and operation be thoroughly understood and the 
manufacturer's directions followed carefully. 
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CHAPTER XXIII 


TRACTOR TRANSMISSIONS— DIFFERENTIALS— FINAL DRIVES 

—ACCESSORIES 

The mechanism involved in transmitting the engine power to the 
drive wheels or tracks of a tractor ordinarily includes three distinct 
parts, namely : (1) the change-speed gears, (2) the differential, and (3) the 
final-drive mechanism. There are some exceptions to this as will be 
pointed out later. Unlike the automobile, there is considerable variation 
in the construction, arrangement, and operation of these three units in 



Fig. 323. — Steam-tractor transmission gearing. 


the different makes of tractors. In general, a tractor transmission must 
serve the following purposes: 

. 1. It must provide a means of self-propulsion at different road speeds with the 
same engine speed. 

2. It must provide the proper speed reduction between 'the engine crankshaft 

and the traction members. # 

3. It must provide for an equalization of the power transmission to the traction 
members on both gradual and short, quick turns. 

4. It must provide a means of reversing the direction of travel. 

314, Change-speed Gears* — The steam tractor has certain distinct 
advantages over the gas tractor with respect to transmitting the power 
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for traction because of the great speed and corresponding power variation 
of the engine and the ease with which it can be reversed. In other words, 
both the rate and the direction of travel are readily controlled by the speed 
and direction of rotation of the engine and only a single train of gears 
(Fig. 323) is needed. On the other hand, it is desirable to operate the 
gas-tractor engine at a fairly uniform speed and to reverse it is imprac- 



Fig. 324. — Early type of gas-tractor transmission. 


tical. Therefore, the necessary change in rate and direction of travel 
must be taken care of in the transmission itself. 

The early gas tractors were provided with rather heavy cast-iron 
exposed gears, similar to those on steam engines. Provision was made 
for two forward speeds and reverse as noted in Fig. 324. Obviously, 
these transmissions were heavy, noisy, and subject to rapid wear. 

With the introduction of the lighter tractors, certain improvements 
were incorporated in them such as (1) machined and hardened steel 
gears, which provided the same strength with less weight, (2) partial or 
complete enclosure of gears in an oil- and dust-tight housing, (3) anti- 
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friction instead of plain bearings, and (4) three to six forward speeds. 
Today these features are found in nearly all tractor transmissions whether 
large or small. 

As in automobiles, the different gear changes in tractors are designated 
as either low, intermediate, or high, or as first, second, third, and so on. 
However, the fundamental reasons for having three or more speeds are 
not necessarily the same. In the case of an automobile, there is not 
nearly so great a speed-*reduction ratio between the engine and the rear 
axle when it is in high gear as there is in a tractor. Therefore, if an 
attempt were made to start an automobile directly in high gear, either 
the engine would stall, or the car would be subjected to too great a jerk or 
strain. Consequently, the machine is gradually brought to a certain 
speed by means of the low and intermediate gears and finally shifted into 
high without producing undue strain on the engine, gears, or other parts 
involved. In other words, the primary function of the low and inter- 
mediate gears in an automobile is to permit a gradual rather than a sudden 
speed acceleration. Incidentally, these low-speed gears also provide the 
gear reduction necessary under unfavorable road conditions, such as mud, 
sand, and hills. Table XV shows the travel speeds of representative 
wheel and track-type tractors. 

Table XV. — Gear Changes and Rates of Travel of Tractors 


Rate of travel, m.p.h. 


Tractor 

First 

gear 

Second , 
gear 

Third 

gear 

Fourth 

gear 

Fifth 

gear 

Sbcth 

gear 

Allis-Chalmers WC 

2.5 

3.5 

4.8 

9.0 



Case Model CC 

2.6 

3.7 

5.1 



Caterpillar 22 

2.0 

2.6 I 

3.6 




Caterpillar D4 

1,7 

'2.4 1 

3.0 

3.7 

5.4 


Caterpillar D8 

2.0 

2.8 

3.3 

3.8 

4.6 

6.2 

Farmall 20 

2.3 

2.8 

3.3 

3,8 

John I)eere A 

2.3 

3.0 j 

4.8 

6.3 



McCormick-Deering T-40 

1.8 

2.3 

2.8 

3.3 

4.0 


Minneapolis-Moline Z 

2.2 

2.6 

3.1 

4.8 

14.3 


Oliver Row-Crop 70 

2.4 

3.3 

4.3 

5.9 






In tractors, even in high gear, the engine-to-rear-axle speed ratio 
is rather high, and the machine travels at a very slow rate as compared 
to an automobile in high gear. Therefore, the machine will start off 
directly in high gear without first going through low and intermediate. 
In tractors the speed changes are provided primarily for handling different 
drawbar loads, or to permit a certain field machine to be drawn along 
at the correct speed. In general, the low gear is for extremely heavy 
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loads or for very slow field speeds. The second and third gears are 
probably the ones that are used most for plowing, harrowing, and similar 
work. 

A number of tractors have four forward speeds and some have as 
many as five or six. For wheel tractors having four or five speeds, the 
high speed is usually too high to permit any appreciable pulling effort 
and is used primarily for faster traveling over highways or in going to 
and from the field. 

. The principle involved in securing these different speeds is to bring 
into mesh, with each other, certain gears having different numbers of 
teeth. For example, in a tractor the ratio of the engine speed to the 
rear-axle speed may be 25 : 1 in high gear and 30 : 1 in intermediate. This 
means that in the one case certain smaller gears, known as driving gears 
in the change-gear set, mesh with other driven gears having a greater 
number of teeth. In the second case, these same small driving gears are 
meshed with other driven gears having a still greater number of teeth. 
Consequently, . the speed is reduced proportionately.' 

As previously stated, the change-speed gears, as well as all other 
transmission parts of tractors, are now made of hardened steel and are 
completely enclosed and run in a bath of oil. The change-gear set is 
usually so located in the transmission train that the power first passes 
through it from the clutch, and thence through the differential to the 
final-drive mechanism and wheels. The different speed changes are 
made by sliding certain gears into or out of mesh with other gears having 
different numbers of teeth. In order to slide the gears and at the same 
time make them turn with the shaft, the latter is splined, that is, it has a 
number of ribs running lengthwise and cut integral with it. The gears 
have corresponding grooves in the hub to receive these splines. The 
splines and grooves are carefully machined and just enough clearance is 
allowed to permit the gear to slide freely when lubricated. The spline 
shaft and gears are clearly shown in most of the transmission illustrations 
in this chapter. Such transmissions are known as the selective sliding- 
gear type. 

In reversing the direction of travel of a tractor when the engine cannot 
be reversed, it is necessary to interpose an additional gear, known as a 
reverse idler gear, in the change-gear set. By transmitting the power 
around through this gear, the direction of rotation of the countershaft, 
differential, and final-drive mechanism is reversed and the machine moves 
backward. ^ This reverse gear is in constant mesh with some other gear 
and therefore turns at all times. 

Figure 325 illustrates how the different speed changes are secured and 
the power is transmitted in a three-speed gear set. Figures 326 and 327 
likewise illustrate very clearly other three-speed transmission layouts. 
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In each case the engine crankshaft is at right angles to the rear axle, 
and a bevel gear and pinion are necessary at some point in the assembly. 



Pig. 328. — Four-speed transmission used in John Deere tractor. 


In the one case (Fig. 327), it will be noted that this pinion is directly 

behind the clutch and meshes with a 

I larger bevel gear on the spline shaft. 

^ In the other case (Fig. 326), the spline 

I and gear-set shafts are kept parallel to 

/ 'the crankshaft, and the 'bevel gears 

/ //"" ^ come between the change-gear set and 

/ ! / /'/" I the differential gear. Figure 328 illus- 

/ ‘ U rv ' trates a transmission in which bevel 
Uj ’ T / f gears are unnecessary, because the 

' / / / engine crankshaft is parallel to the rear 

316. Differentials. — differential is 

a special arrangement of gears so con- 

Fig. 329.-— Sketch showing effect of structed and located in the trans- 
turning on rear-wheel travel. • • , /. j 

mission system of an automotive 
machine that it will permit one driving member to rotate slower or faster 
than the other and at the same time propel its share of the load. For 
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example, referring to Fig. 329, it is quite evident that, in making a turn, 
the outside wheel of an automobile or tractor must travel farther and 
therefore turn faster than the inside wheel. If some special device were 
not provided to permit this unequal travel and at the same time equalize 
the pull, obviously slippage, excessive strain, and abnormal wear would 
result. 

316. Differential Construction. — ^The construction and operating 
principles of the more common bevel-gear-type differential are best under- 
stood by referring to Fig. 330. The main drive pinion B meshes with and 
drives the large gear C. A differential housing E is bolted rigidly to one 
side of gear C. This housing may be solid or split and carries one or more 
studs Fj upon each of which is mounted a differential pinion G, which is 
free to rotate on the stud. 



Fig. 330. — Differential construction and operation. {Courtesy of Vacuum Oil Comjtany.) 


The two halves of the axle or shaft to be driven, namely, K and Ki, 
are inserted, one from each side as shown, and bevef gears H and Hi 
placed on the ends. These two gears and their respective shaft ends are 
splined or keyed in such a manner that they must turn together. At the 
same time, gears H and Hi mesh with differential pinion G, Main drive 
gear C and its attached housing E are free to rotate as an independent 
unit about the shafts K and Ki, 

317. Differential Operation. — 1. First coTidition with wheels L and 
Li fastened to outer ends of shafts K and iTi, respectively, and entire 
mechanism raised up so that the wheels are clear and free to rotate: 
Power is received by the drive pinion B and in turn is transmitted to 
gear C turning it in the direction indicated. This likewise rotates the 
housing E in the same direction. Since the wheels L and Li, shafts K 
and ifi, and gears H and Hi are free to move, they rotate in the same 
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direction' also; that is, the entire mechanism rotates as one unit. The 
differential pinion (? does not turn on its stud F because the bevel gears 
H and are turning at the same rate and, therefore, lock pinion G. 
Consequently, with this condition existing, that is, with an equal resist- 
ance applied to both wheels, the latter will turn at the same rate and the 
tractor will move straight ahead. 

2. Second condition with one wheel locked and the other clear and 
free to rotate: Suppose wheel L is resting on a rough, firm surface and 
wheel Li is raised and is free to rotate. Power is again applied to large 
gear C from pinion B. This again rotates housing B as indicated and 
carries pinion 0 aroimd with it. But since wheel L and its shaft K are 
subjected to much greater resistance than wheel Lx and its shaft Kx, L, 
K, and gear H remain stationary. Therefore pinion G, as it is carried 
around by the housing E, is also forced to turn on its stud F and, in so 
doing, causes gear Hx, shaft Ki, and wheel Li to rotate in the same direc- 
tion as the drive gear and housing. Thus the pinion G, in making one 
revolution with the housing E, also makes one complete revolution on its 
stud by rolling on the stationary gear.H. The axle gear Hx is thus sub- 
jected to two rotative actions — one revolution due to its being in mesh 
with the differential pinion G, which has been bodily revolved about the 
axis XY, and the other due to the rotation of the pinion G on its stud 
as if is rolled once around the stationary axle gear H. The free wheel 
thus makes two complete forward revolutions while the drive gear and 
housing are making one revolution. This is the condition existing which 
causes one wheel of an automobile or tractor to spin while the other 
remains stationary when there is unequal resistance appHed to them as in 
the case of one being in soft mud and the other on firm footing. 

In a similar manner it will be observed that any difference in the 
rotation of the wheels is compensated for by the rotation of the differential 
pinion G on its stud F while also revolving with the entire housing about 
the axis XY. Any rotation of this differential pinion on its stud means 
that it rolls on one of the axle gears, and the amount of motion in rolling 
on one gear is transmitted to the other as additional turning and driving 
effort. Any retarded motion of one wheel results in accelerated motion 
of the other. The power and driving force are thus transmitted to the 
wheels in proportion to the distance each must travel. 

318. Spur-gear Differential. — ^A spur-gear-type differential is used 
in a few cases but is not so common as the bevel type, probably because 
of difiiculty in making it as compact. It does eliminate the spreading 
action or side thrust which is always present 'with bevel gearing. 

As the name implies, a spur-gear differential uses spur-differential 
pinions and axle gears instead of bevel pinions and gears. Otherwise it 
works in exactly the same manner. 
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Referring to Fig. SSI, the differential pinions are arranged in pairs 
and rotate free on their respective spindles attached to the housing. The 
two paired pinions mesh with each other and one^ in each pair meshes 
with one of the spur axle gears while the other meshes with the opposite 
axle gear. With equal resistance applied to both axle shafts and wheels, 
the entire assembly will rotate as a unit, but the pinions will remain sta- 
tionary on their studs. On the other hand, if one wheel is held stationary, 
the spur pinions meshing with this 
axle gear will roll around on it, and 
therefore will be rotated on their 
studs. They, in turn, will drive the 
other set of pinions meshed with the 
other axle gear and the latter will be 
rotated. Therefore, the one axle gear 
and shaft will be rotated by the rota- 
tion of the entire housing and also by 
the pinions turning on their studs. 

The main driving gears, regard- 
less of the type of differential, may 
be of either the spur, bevel, or worm 
type. In fact, in automobiles and 
trucks the main differential gear, pig. 331.— Spur-gear-differentiai 
often called the ring gear, is usually a struction. 

spiral- spur gear. Some trucks also use a worm gear, while most tractors 
use a spur gear. 

319. Differential Lotation. — In some tractors the differential is 
located on the rear axle the same as in all automobiles, as shown by 
Fig. 332. In such cases both drive wheels are fastened to the axle halves, 
and the latter transmit the power to the wheels in addition to supporting 
the machine. This is known as live-axle construction. 

Referring to Fig. 333, it is noted that the differential is located on 
the countershaft in front of the rear axle, and that the latter is of one piece. 
In this case the power is transmitted directly to the wheels by means of a 
heavy internal ^pur gear attached to each as shown. The wheels them- 
selves turn free and independent of each other on the axle shaft, which 
serves primarily as a support. This is known as dead-axle construction. 
The arrangemeij^t is but little used at present. 

A third-type /of construction, as illustrated by Fig. 328, combines the 
two arrangements just described. The differential is on a short counter- 
shaft that carries two spur pinions, one on each side of the assembly. 
These pinions mesh directly with two larger spur gears on the inner 
ends of the two-piece axle. The wheels are keyed to the outer ends of 
the axle shafts so that the latter transmit the power to the wheels. 
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Thus, each wheel has its own driving gears and axle shaft and can rotate 
independently. This again is a live axle. 

Figure 335 illustrates this same type of differential location and 
power transmission, but roller chains and sprockets are used instead of 
gears. 
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Figure 336 shows the Fordson tractor transmission using a worm-and- 
worm-wheel final drive. This permits securing the proper speed reduc- 
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accompanying heating effect, wear, and power loss; and (2) difficulty may 
be encountered in dragging the tractor, because the pitch of the worm 
may not be such as to permit the worm wheel to turn it. In other 
words, with a low-pitch worm, the power transmission is not always 
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Fig. 336J..-^Side view of worm-and-worm-wheel final-drive mechanism. {Courtesy of 

I'ord Motor Company.) 



Fig, 336B. Worm-and-worm-wheel final drive showing rear-axle construction, {Courtesy 

of Ford Motor Company.) 


reversible. For a worm-and-worm-wheel drive, the gear reduction is 
equal to the quotient obtained by dividing the number of teeth in the 
worm wheel by the number of worm threads. A worm drive when sub- 
jected to heavy pulls as in trucks and tractors always generates consider- 
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able heat due to friction. Therefore, careful attention to lubrication, 
both as to kind and to correct amount of oil, is very important. 

Figures 334 and 335 illustrate final drives by sprocket wheels and roller 
chain. This type of drive provides a limited amount of flexibility and 
thereby relieves the engine, clutch, and other parts of excessive shock 
under certain conditions. A chain final drive may also simplify the 
transmission construction by eliminating extra shafts, gears, and bearings, 
which would otherwise be required to give the proper speed reduction 
and carry the power back from the change-speed gears to the rear axle. 

The principal objection to a chain drive is the tendency toward loose- 
ness due to wear and slight stretching. As will be noted, these drives 
are well enclosed and run in a bath of oil, so that once the chain is broken 
in^^ it will wear very little and therefore slacken very slowly. Provision 
is made in most cases to take up the chains from time to time, as neces- 
sary. Of course, a small amount of slack should always be allowed. 
Otherwise the wear and power loss are apt to be greater than with the 
chain too loose. 


SPECIAL TRANSMISSION TYPES 

321. All-purpose Tractor Transmissions. — ^With the development 
of the all-purpose tractor and its adaptation to row-crop production, 
certain variations in tractor-transmission construction and operation have 
necessarily appeared. The need for sufiicient clearance and a certain 
wheel tread are the principal reasons for these variations. For example, 
some machines locate the differential in the center of a countershaft, as 
shown by Figs. 326 and 337. This countershaft, with its housing, extends 
outward to each side and carries spur gears that drive the main wheels. 
The latter are mounted on separate stub axles bearing a larger spur gear. 
Then this final-drive mechanism is enclosed in a large, flat, vertical 
housing that also serves as a sort of bracket to give the tractor sufiS.cient 
clearance without the need of unusually high wheels. 

Figure 338 illustrates the use of high wheels to secure clearance. Here 
we have a typical live-axle drive with the wheels mounted directly on 
the differential shafts. 

322. Four -wheel-drive Transmission. — ^The Massey-Harris all-pur- 
pose tractor is one of the few wheel-type machines of recent development 
that utilizes all four wheels for driving. This feature provides better 
traction than two drive wheels but involves a somewhat more complicated 
construction, in order to permit steering the machine with the same wheels 
that are driving it and to supply a certain degree of flexibility of the 
traction members necessary in traveling over uneven ground. ’ 

Referring to Fig. 339, the power is transmitted from the engine to 
the change-speed gears located just behind the front axle. From these 
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Fig. 337. — Sectional view of McCormick-Deering Farmall tractor. 
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gears th.e power is transmitted to the two sets of differential gears and 
axles. Flexibility is provided for by constructing the housing that 
encloses the drive shaft leading to the rear axle in such a manner that the 
differential and axle assembly can rotate a certain amount about this 
drive shaft as an axis. 



Fig. 338. — Sectional view of Oliver How Crop *‘70” tractor. 


Steering is accomplished through the front wheels by mounting them 
with heavy cast-iron brackets and spindles and inserting a universal joint 
at the outer end of each of the- two halves of the axle shaft (Fig. 340) to 
permit power to be transmitted positively, even when the wheels are 
angled. 



Fig. 339. — Four-wheel-drive transmission layout. 


Two hand-operated brakes on the front-axle halves (Fig. 339) permit 
quick, short turns. 

323. Track-type Tractor Transmissions. — ^The transmissions for the 
track-type tractors are not unlike those in wheel machines except that 
the steering mechanism is incorporated in them. That is, the ordinary 
wheel tractor is guided by means of the front wheels, whereas the con- 
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Tentional track-type tractor, having but two traction naembers, must 
be both propelled and guided through the latter. 



Fig. 340. — Four-wheel-drive transmission and axles showing universal joint to facilitate 

steering. 

324. Caterpillar Transmission. — Figure 341 shows the change-gear 
set for the Caterpillar tractor. The power is transmitted to a counter- 
shaft (Fig. 342), by means of bevel gears, thenOe, through two steering 
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Fig. ,341. — Caterpillar tractor transmission showing clutch and change-speed gears. 

clutches located on this countershaft on each side of the bevel gear to 
the spur-type final-drive gears, and thence to the track sprocket. Steer- 
ing is accomplished through the multiple-dry-disk steering clutches. 
That is, by means of hand levers, either clutch can be disengaged, which 





Fig. 343. — Steering-clutch brakes used on Caterpillar tractor. 

released but the brake for that particular clutch is actuated and the track 
movenaent virtually stopped on the one side. With all the power going 





Fig. 345. — -Cletrac tractor, transmission and differential. 


326. McCormick -Deering Trac-tractor Transmission. — The McCor- 
miek-Deerine Trac-tractor transmission (Fig. 344) is similar to the 
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Caterpillar transmission in that two clutches are used for steering and a 
differential is unnecessary. However, the construction is different in that 
the steering“Clutch shafts are parallel to the engine crankshaft, and two 
sets of bevel gears are required to transmit the power from the steering- 
clutch shafts to the intermediate drive shafts and thence to the track- 
sprocket drive gears. 

326. Cletrac Transmission.— The Cletrac transmission (Fig. 345) has 
the same general arrangement as the Caterpillar but uses a differential 
and brake for steering instead of special clutches. The spur-gear differen- 



Fig. 346. — Differential gearing and steering drums used on Cletrac tractor. (1 and 2, 
differential pinions; 3 and 4, external steering-drum pinions; 5 and 6, steering-drum gears; 
7, main-drive gear; 8 and 9, main-drive and differential gears; 10 steering drums.)' 

tial (Fig. 346) is located directly back of the change-speed gears in the 
center of the countershaft. A brake drum and band are placedpn egbch 
side of the differential as shown. The drum carries a spur gfear that 
meshes with three spur pinions. The latter, in turn, are attached to the 
three differential spur pinions that mesh with the differential shaft gear 
on that particular side. Therefore, if the brake band is tightened on 
one side or the other, that particular differential gear and shaft will turn 
slower, the track will slow down, and the machine will turn in that direc- 
tion. The tractor is steered by two hand levers that control the steering 
brakes. 

TRANSMISSION ACCESSORIES 

327. Brakes. — transmission brake of some sort on a tractor is 
essential for controlling the machine on steep hills or for holding it 
perfectly stationary in doing belt work. As shown by Fig. 347, this 



326 


FARM GAS ENGINES AND TRACTORS 


brake consists of a metal pulleylike drum attached to one of the inter- 
mediate transmission shafts, with a flexible band about it. In some cases, 
the brake is placed inside the transmission, and in others on the outside. 
It may be either foot or hand operated. Ordinary brake-lining material 
is used for lining the band, and an adjustment is always provided for 
taking up wear. 

One of the essentials of an all-purpose tractor is the ability to make a 
short, quick turn with ease, particularly ‘in row-crop operations in order 
to save time at the ends. These tractors, therefore, are provided with 
two foot-operated differential or countershaft brakes, which permit 
holding one driver practically stationary and turning on it as a pivot. 
One make of tractor has the two brakes connected indirectly to the steer- 



Fig. 347. — Sketch showing transmission brake and adjustable drawbar. 


ing mechanism itself by means of a cable, so that turning the steering 
wheel tightens the one brake or the other and makes the tractor turn 
quickly and easily in the desired direction. 

328. Drawbars, — tractor drawbar should be strong, convenient, 
anjJ. adjustable both vertically and horizontally. The average height 
varies from 8 to 20 in., depending upon the size and type of tractor. 

329. Belt Pulley. — The belt pulley on wheel-type tractors is usually 
located on the right-hand side and to the rear of the engine. If the 
engine is placed crosswise of the tractor frame, the pulley is located on 
the crankshaft and driven direct (Fig. 328). If the engine is placed 
lengthwise, the "pulley must be driven through a -special bevel gear, as 
shown by Fig. 333. Track-type tractors, as a rule, have the pulley on 
the rear just above' the drawbar. 

There is considerable variation in the size and speed of tractor belt 
pulleys. As a consequence manufacturers of belt-driven farm machines 
must supply a number of different sizes of pulleys for their machines so 
that they can be operated at the correct speed by any tractor. Incon- 
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venience and difficulty in this respect could be overcome if all tractor 
manufacturers would’ adopt one belt speed as a standard. 

The belt speed for a given pulley is equal to the product of its circum- 
ference and revolutions per minute. That is, given a pulley 16 in. in 
diameter operating at 500 r.p.m., the belt speed is equal to 


16 X 3.1416 X 500 
12 


2,094.4 ft. per minute. 


That is, belt speed depends on both pulley diameter and speed. The 
tractor maker, therefore, would not necessarily be restricted to any given 
pulley speed or size. On the other hand, the use of a single standard 
belt speed for all tractors would mean that manufacturers of belt-driven 
machines would need to supply but one size of pulley for a given 
machine. Tractor belt speeds usually range from 2,300 to 3,500 ft. 
per minute. 

In any case, in doing belt work, the transmission gears are kept in 
neutral and the pulley controlled, as a rule, by means of the main clutch. 
A few tractors have a special pulley clutch so that the pulley can be kept 
stationary without stopping the engine or holding the main clutch 
disengaged. In such cases the pulley can also be held stationary when 
the tractor is doing field or road work. 

Belt pulleys vary in width and diameter, depending upon the size 
of the tractor, engine speed, and pulley speed. An important considera- 
tion in choosing a tractor for belt work is to see that the pulley is con- 
venient to operate and gives the belt sufficient clearance. 

330. Power Take-off. — Most tractors are now provided with a power- 
take-off attachment for the purpose of utilizing the engine power to drive 
the mechanism of a field machine, such as a grain binder, corn picker, and 
so on. In other words, in such cases the engine supplies power for two 
distinct purposes, namely, (1) for drawing the field machine through the 
field and (2) for operating the mechanism of the field, machine. The 
adoption and extensive use of the power take-off ale a rather recent devel- 
opment in tractor utilization. Heretofore such machines drove their 
own mechanism through heavy ground wheels. 

A power take-off consists essentially of an arrangement of shafts and 
gears connected to the transmission and terminating at the rear of the 
tractor so that it can be connected conveniently to any machine. In 
most cases the power take-off is built into the transmission and is com- 
pletely enclosed with the exception. of the projecting end of the shaft 
to which the connection is made. Such a device is shown by Fig. 348. 
A special hand lever permits disengaging the power-take-off drive at any 
time. 
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Certaia standards and recommendations concerning power take-offs 
have been adopted by the American Society of Agricultural Engineers as 
follows : 

1. The shaft is recommended as desirable for future design where practi- 

cable. 

2. The end of the power-take-off shaft on the tractor shall be 25 in., plus or minus 
5 in. above the ground line. (Measurements to be taken less lug equipment.) 

3. The power-take-off shaft or an extension thereof shall extend far enough to the 
rear of the tractor to clear the fenders and platform, and the hitch point of the drawbar 
shall be 10 to 16 in. back from the end of the splined portion of the shaft. 

4- The horizontal location of the power-take-off shaft shall be as near the tractor 
center line as possible. (Tolerance 5 in. right or left of center.) 



5. The tractor manufacturer shall furnish the standard power-take-off shaft. 

6. The tractor manufacturer shall adequately shield the power-take-off shaft and 
tractor universal joint, providing protection for the operator against the telescoping 
member attached thereto, assuming connection between tractor and implement is 
according to recommended practice. 

7. The manufacturer ot the power-driven machine shall furnish the power-drive 
parts up to the tractor spline shaft, the necessary hitch parts to attach to their recom- 
mended drawbar location, and all shields except the one attached to tractor, covering 
the spline-shaft fitting or universal joint. 

8. The tractor power-take-off drive shall be provided with a throwout clutch 
operating independently of the tractor travel, of a design safe against accidental 
engagement, and with a control located conveniently to the operator. 

9. The telescoping members of the power shaft shall be so arranged that the 
tractor universal joint and the adjacent tool universal joint cannot be placed in 
improper relationship. The tractor universal joint is in correct relationship to the 
adjacent tool universal joint when the two shaft yokes are in the same plane. Slip 
clutches, if placed between these joints, should be designed to obviate impr.oper 
alignment. 
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10. In plan view, the tractor drawbar hitch point should be located midway 
between pivotal centers of the tractor universal joint and the adjacent driven-tool 



Fig. 349. — Hydraulic-type power lift — ^tool being lowered. 



universal joint, where the driven tool is being driven in normal working position. 
The object of this location is to equalize universal joint angularity when turning. 
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11. In side elevation the tractor drawbar hitch should be as close as practicable 
to the drive shaft connecting the tractor universal joint and the adjacent driven-tool 
universal joint, the object being to reduce the telescoping of the drive shaft to mini- 
mum over rough ground. 

331. Power Lift — ^All-purpose tractors can usually be equipped 
with a device by means of which the planter, cultivator, or similar 
equipment attached to the tractor, can be raised or lowered at any time 
by the tractor power itself. Such a device is known as a power lift. It 
not only relieves the operator of this heavy work but also permits raising 
and lowering the equipment quicker and usually without stopping the 
tractor. 

These devices are attached to the rear of the transmission or rear-axle 
housing and frequently have the power-take-off shaft and drive combined 
with them. 


p n 


POWER DRIVEN ... 

MACHINES CONNECT JQWER TAKE OFF SHAF' 
TDTHIS .SPlIliED EHD 



Fig. 351. — A gear-operated power-lift mechanism. 


The two common types of power lifts are the hydraulic type (Figs. 
349 and 350) and the mechanical or gear-driven type (Fig. 351). The 
former utilizes oil pressure to actuate the lifting arm. A gear pump 
driven by the power-take-off shaft circulates the oil and creates pressure 
on a piston or plunger. The movement of the piston in one direction 
lifts the tool, and the movement in the opposite direction lowers it. The 
lift is tripped at any time by a foot lever. Whenever the lift is not in use 
the pump continues to operate but the oil is by-passed and recirculated. 

The mechanical lift (Fig. 351) is driven directly from the power- 
take-off shaft by a worm and gear. A ratchet-type clutch and con- 
venient foot trip engage and disengage the lift at any time. 

332. Transmission Bearings. — ^Antifriction bearings of one type or 
another have almost entirely replaced plain bearings in all tractor trans- 
missions. The illustrations accompanying this chapter show typical 
installations in which all types, namely, ball, spiral-roller, and tapered 
roller bearings are used. Although the cost of manufacture is greater, 
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this is more than offset by such advantages as (1) longer life, (2) reduced 
power losses, (3) ease of lubrication, and (4) possible adjustment for wear. 

References 

A Review of Power Take-off Standardization Work, Agr. Eng.y Vol. 12, No, 1. 
Elliott and Consoliver: “The Gasoline Automobile.’^ 

Heldt: “Motor Vehicles and Tractors.” 

: “The Gasoline Automobile,” Vol. II. 

Proposed American Society of Agricultural Engineers Standard Power Take-off, 
Agr. Eng., Vol. -12, No. 1. 

The Power Take-off for Tractors, Trans. Amer. Soc. Agr. Eng:, Vol. 19. 



CHAPTER XXIV 


TRACTOR CHASSIS— FRAMES— TRACTION DEVICES— 
PNEUMATIC TIRES— STEERING MECHANISMS 

Ae previously mentioned, the chassis of a tractor includes the frame, 
wheels or other means of traction, and the steering mechanism. Here- 
tofore there has been considerable variation in tractor-chassis construc- 
tion, but the present trend is toward more or less similarity in this 
respect. 



Fio. 352. — Built-up-type structural-steel tractor frame. 



Fig. 353. — One-piece, cast-iron U-frame. 


333. Frames. — Figure 352 shows the earlier type of frame construc- 
tion involving the use of structural-steel members of the correct, size 
and strength, shaped and riveted together to produce a convenient 
framework to which all other units of the machine were attached. As 
the trend in design changed to smaller, lighter weight and more enclosed 
tractors, the built-up steel frame was displaced either by (1) a one-piece ' 
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TRACTOR CHASSIS— FRAMES— TRACTION DEVICES 333 

pressed-steel or cast-iron U-frame (Fig. 363), or by (2) the so-called 
frameless construction (Fig. 354). The U-frame provides simple but 
rigid construction and also serves as part of the engine and transmission 
housing. Frameless construction involves the use of two distinct cast- 
ings, one of which serves as an engine crankcase and the other as a 
transmission housing. These must be made rather heavy and securely 



Fig. 354. — Frameless tractor construction. 


bolted where they join. Frameless construction is the most common at 
present. 

TRACTION DEVICES 

The proper working of a tractor under certain conditions often depends 
upop its means of securing traction and the use of the correct equipment. 
All manufacturers of both wheel and crawler types now supply equipment 
to meet practically any condition encountered. 



Fig. 355. — Conventional-type steel-rim tractor wheel showing common types of lugs. 


334. Wheels. — The ordinary wheel-type tractor is equipped with two 
rear-drive wheels and two front steering wheels. Some wide-tread, all- 
purpose tractors have two rear-drive wheels and only one front steering 
wheel. Although there may be two front wheels, they are so close to 
each other that they are not unlike a single, wide wheel. 

The average tractor wheel (Fig. 355) has a steel rim with rolled edges. 
A cast-iron hub is attached to the rim by means of flat steel spokes 
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riveted at both ends. Special wheels for industrial purposes may be 
solid or have round spokes and are equipped with pneumatic tires. Some 
farm tractors have solid cast-iron front wheels. 



Fig. 356. — Skeleton wheel with reversible hub. 




Certain all-purpose tractors can be equipped with special skeleton 
wheels as shown by Fig. 356. This type of wheel reduces soil packing 
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and the so-called balling up of the wheel occurring with certain soils, 
especially when moist or wet. 

The size of a wheel involves both diameter and rim width. Wheel 
sizes vary largely according to the size, weight, and type of the machine. 

Figures 355, 356, and 357 show some of the common types of lug 
equipment. For most farm jobs, the spade lug gives the best results. It 
gives better traction in loose soil conditions and 
is more or less self-cleaning. Figure 357 shows some 
of the various types of spade lugs. Angle cleats 
tend to chop out the section of earth between the two 
adjacent cleats on which the wheel is resting and 
attempting to secure footing, and thereby may 
actually produce slippage and partially destroy 
their purpose.- ■ Road lugs are low and blunt for 
the purpose of eliminating jar to the tractor and 
injury to the road surface when traveling on high- 
ways. Figure 358 shows a special road band for 
transporting a tractor on a highway. It protects 
the road surface and, since the effective wheel diameter is greater, the 
tractor will travel faster. 

Extension rims (Fig. 359) are frequently used to improve wheel 
traction in soft, wet, or loose soil. 

Front steering wheels ordinarily are equipped with skid rings or guide 
bands (Fig. 360), for the purpose of overcoming the tendency of the 



Pig. 360. — Front- 
wheel skid ring or 
guide band. 



tractor to continue to move straight ahead when pulling a heavy load, 
even though the front wheels are turned. In' other words, these bands 
produce a more responsive and, positive turning action, particularly in 
loose ground with a heavy load. They also prevent skidding and keep the 
tractor moving straight ahead on hillsides. 
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336. Track Mechanisms. — The traction mechanism of a track-type 
tractor (Fig. 361) consists of (1) frame, (2) drive sprocket, (3) front idler, 
(4) track rollers, and (5) track. .The track frames are built of structural 



'TRArK I INKS J 

Fig. 362.”rr-Track construction and parts. 

•’H 


steel. The sprockerand front idler drive and support the track. The 
track rollers on the under side of the track frame act as supports between 
the machine and that part of the track in contact with the ground. In 



Fig. 363. — Method of making track-tension adjustment. 


fact, these rollers might be considered as small wheels rolling and convey- 
ing the tractor over a stationary track. 

The track itself is built up of forged-steel shoes bolted to forged- 
steel heat-treated links, with alloy-steel heat-treated bolts (see Fig. 362). 
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Since any track mechanism must have so many wearing points, which 
are continually exposed to dirt and grit, three fundamentally important 
considerations must be observed by the manufacturer, namely: (1) the 
parts themselves must be made of high-grade materials that have been 
carefully heat-treated and hardened; (2) any important bearings, such 
as track rollers, front idlers, and so on, must be well enclosed and properly 
lubricated; and (3) there must be some provision for taking up the slack 
and maintaining the proper track tension. 

Figure 363 shows how the track tension is ordinarily adjusted. The 
heavy springs located on each side of the idler also provide an automatic 
safety release, thus permitting the idler to move back temporarily in case 
any obstruction gets between the track and the sprocket. 

336. Slippage and Traction EflBLciency. — During the past few years 
considerable investigation has been made in connection with the factors 
involved in the effective and efl&cient operation of tractor wheels, wheel 
equipment, and other traction devices. 

The power applied to any traction device, either round wheel or 
track, is consumed largely in about four ways, namely, by (1) rolling 
resistance, (2) wheel slippage, (3) the action of the lugs on the soil, and 
(4) the tractor-drawbar resistance. Obviously the most efficient device 
is one in which the first three factors named are low, so that the net power 
available at the drawbar is as high as possible. In other words, the' 
problem of securing efficient traction is dependent upon the reduction 
of these apparent power losses. Rolling resistance varies with the soil 
type and conditions and the weight upon the tractor. A certain amount 
of weight is essential for traction, but too much weight produces a high 
rolling resistance and therefore may reduce the net power output of the 
wheel. The second factor, wheel slippage, is likewise apt to prove exces- 
sive under certain conditions and result in low tractive efficiency. 

The most important factors affecting the efficiency of a tractor wheel 
and its equipment are (1) wheel diameter, (2) wheel width, (3) weight 
on wheel, (4) type of wheel lug or tread surface, (5) ’speed of travel, (6) 
soil type and condition, (7) grades, and (8) height of hitch. These 
factors likewise apply to track-type tractors. 

The great variation in soil types and conditions is perhaps the most 
outstanding handicap encountered in the solution of the problem of 
tractor traction. It seems quite impractical to attempt to provide a 
distinct type of equipment for every condition, but it would be rather 
desirable to have one type of equipment that is adapted to as many 
conditions as possible. Some of these are: 

1. Unplowed grain or corn stubble having a firm surface. 

2. Turf or sod which, in addition to being firm, is matted with roots, which assist 
traction. 
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3. Plowed land or soil having a similar condition of tilth. 

4. Very loose soil such as sand. 

5. Firm but sticky soil. 

6. Slippery surface, but firm underneath. 

7. Hard, firm surfaces, such as highways, pavements, etc. 

8. Tall weeds or high cover crops. 

9. Terraces, checks, levees, ridges, and ruts. 

Studies made of tractor traction devices in general lead to certain 
definite conclusions as follows: 

1. The efficiency is generally lower in loose soils. 

2. The higher the rolling resistance, weight, and slip, the lower the efficiency. 

3. An extension rim makes a higher tractive pull possible with the same weight 
on the wheel, but does not increase the efficiency because of the increase in rolling 
resistance. 

4. Maximum efficiency is attained with only enough weight oh the wheel or track 
to prevent excessive slip with a high drawbar pull, a low percentage of slip, and a low 
rolling resistance. 

337. Wheels vs. Tracks. — Tests that have been made of tractor 
wheels and tracks indicate that a wheel and lugs will give from 36 to 75 
per cent efficiency; a track will give from 40 to 85 per cent. 

The outstanding advantage of the track type is, no doubt, its 
ability to secure traction under conditions that will not permit the wheel 
type to operate with any degree of success. Not only can the track 
tractor usually secure good footing under most adverse conditions, but 
there will likely be less loss from slippage under average operating condi- 
tions. This is clearly brought out by the Nebraska tractor tests. A 
checkup of the tests made on current models of tractors, shows that 24 
wheel-type machines, when developing their rated drawbar horsepower, 
gave an average slippage of 4.75 per cent. When developing their ma 3 d- 
mum drawbar horsepower, the average slippage was 5.73 per cent. 
Twenty-eight track-type tractors, under the same conditions, showed an 
average slippage of 1.82 per cent at rated load and 2.16 per cent at maxi- 
mum load. 


RUBBER TIRES FOR TRACTORS 

The first tractors to be equipped with solid or pneumatic rubber tires 
were those used for industrial purposes around factories, airports, and the 
like and for highway maintenance, the reason being that satisfactory 
traction was secured and jarring, vibration, and damage were reduced 
even though the machine traveled relatively fast over the packed gravel, 
pavement, or similar hard surface. About 1931 investigations were begun 
concerning the possibility of using low-pressure pneumatic tires for 
agricultural tractors. Extremely favorable results were immediately 
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observed ai 3 .d a number of advantages in favor of rubber tires over steel 
wheels and lugs were disclosed. Within a period of 3 or 4 years a pro- 
nounced trend developed in favor of rubber tires, particularly for all- 
purpose farm tractors. Today rubber-tired tractors are used extensively 
in practically all types of farming, and it is reported that in some sections 
of the United States there in but a limited demand, if any, for steel- 
wheel equipment. 

338. Tire Construction — Size — Mounting — ^Inflation Pressures. — ^Any 

tractor requires two sizes and types of tires, a large four- or six-ply casing 
with a special traction-producing tread for the rear or driving wheefs, and 
a smaller casing — ^usually four-ply — ^for the front wheels. Rear-wheel 
tires vary in size, depending upon the size of the tractor and original wheel 
equipment, from 7.50 to 13.50 in. in cross section, and from 24 to 42 in. in 
rim size. A casing of a given cross-sectional size may be made in as many 
as four rim sizes. Front tires vary from 4.00-15 to 9.00-10. Inflation 
pressures for rear tires vary from 8 to 20 lb. ; for front tires they vary from 
16 to 40 lb. The pressure recommended depends upon the tire size and 
operating conditions and is discussed in more detail later on. 

A number of methods of equipping a tractor with rubber tires are used 
as follows: 

1. Install completely new wheels with hub, spokes and rim in one piece. 

2. Install completely new wheels with demountable rims and lugs. 

3. Using the old wheels, cut off the steel spokes and weld the rim (drop-center 
type) directly to them. 

4. Using the old wheels, cut off the steel spokes and weld on felly bands to which 
demountable rims are clamped. 

The integral construction with full drop-center rim is simpler and 
usually less expensive. However, the use of demountable rims and 
clamps makes the work of mounting the casing somewhat easier and also 
permits shifting the tire from one tractor or machine to another. 

339. Weights for Rubber Tires. — Since the wheels and tires alone are 
relatively light and hence do not provide sufficient traction under most 
conditions, it is necessary to add weight in some manner. This may be 
done by attaching special iron or concrete weights to the wheels or by 
partially filling the inner tube with water or some other suitable liquid. 
The amount of additional weight needed is determined largely by the size 
and power of the tractor and the traction conditions. For small tractors, 
100 to 200 lb. per wheel is usually sufficient. For larger tractors, as much 
as 400 to 600 lb. per wheel may be needed to obtain the maximum drawbar 
pull. In general, only sufficient weight should be added to obtain good 
traction without undue slippage. As little weight as possible should be 
used in harrowingy planting, drilling, and cultivating land, in order to 
redube soil packing. 
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Figure 364 shows the effect upon drawbar pull of adding wheel 
weights. Investigations show that the increased drawbar pull will be 
approximately 50 per cent of the weight added to the wheels. 



Weiojht Add ^’d , Pounds 

Fig. 364. — Effect upon drawbar pull of adding weight to rear wheels. 


Weighting rubber-tired tractor wheels by partly filling the inner tube 
with water or some other suitable liquid is now common practice and 
f ' , , seems to be preferable to using external 

weights for the following reasons: 


The 

^Valve 

Connectioft 



bleeder 

Valve 


1. Liquids are usually easy to obtain and 
inexpensive. 

2. Better cushioning and shock-absorbing 
effects are obtained, thus improving riding 
qualities. 

3. The weight is always located in the 
lower portion of the tire and directly over the 
tread, thus providing the most effective trac- 
tion possible. 


:v'',Wat0r , 

;^*Cotin^o 

tion 


The quantity of liquid to use de- 
pends upon the tire size and the extra 
weight desired. As a rule, for smaller 
tires, a quantity of liquid is used equal 
placing to one wheel weight (150 lb.); for 
medium-si;^e tires, an amount equal 
to two wheel weights; and for large tires, an amount equal to three 


Fig. 


365. —Valve adapter for 
water in inner tube. 


wheel weights. 

In colder climates where freezing may give trouble, a calcium chloride 
solution may be substituted for water, although no harm is done by 
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water freezing inside a tire if the tractor is kept out of service and the 
wheels are jacked up. Specific information concerning the preparation 
of a calcium chloride solution and putting it into the tire should be 
obtained from the tractor or tire dealer or the manufacturer. 

Water is placed in a tractor tire by one of four methods, n|,mely, (1) by line 
pressure, (2) by gravity, (3) by a hand force pump, or (4) by a pressure tank. In any 
case, a valve adapter (Fig. 365) is used. The usual procedure is as follows: 

1. Place tube valve at top of wheel. 

2. Remove valve core and allow all air to escape. 

3- Attach hose adapter to valve to hold valve in place. 

4. Jack up tractor wheel so that tire is not deflected and maximum amount of 
liquid can be admitted. 

5. Attach water hose to adapter. 

6. Turn on water and allow it to run until tire is filled to desired level which can be 
determined by rotating the wheel and listening for change in sound made by entering 
stream of water or by turning off water and pressing special by-pass valve in special 
hose connection. If tire is to be filled to capacity, keep valve at top; if half filled, 
place valve in horizontal position. 

7. Turn off water, remove adapter, and replace valve core. 

8. Remove jack and inflate tire with air to recommended pressure. , 

9. Check pressure after 1 hr. of operation and check frequently and regularly. 

PNEUMATIC TIRES VS. STEEL WHEELS 

Numerous investigations relative to the comparative performance of 
pneumatic tires and steel wheels for farm tractors have been made by 
various experiment stations. Some of the important problems studied 
were : 

1. Traction effects and efficiency as influenced by: 

а. Traction surface and soil condition. 

б. Inflation pressure. 

c. Weight on wheels. 

d. Travel speed. 

e. Tire size. 

/, Chains and special traction devices. 

2. Drawbar horsepower. 

3. Fuel consumption. 

4. Adaptability to various field operations. 

5. Ease of handling and riding qualities. 

6. Tractor wear. 

340. Rolling Resistance. — According to Davidson^ et aL 

. Rolling resistance is the drawbar pull, or its equivalent required to move the 
tractor over a given surface. . The tractor in field work passes over soft traction 
surfaces (Fig. 366). The wheels or tracks, in sustaining the weight of the tractor, 
sink into the surface. Therefore the tractor is virtually climbing an incline as 

^ Iowa Agr. Exp. Sta., Research Bull 189. 
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it moves forward. In addition, rolling resistance includes resistance due to 
friction in traction members and losses incurred in obtaining adhesion. 

Tractors with steel wheels are equipped with lugs to increase the adhesion 
between the wheels and the traction surface. On soft ground surfaces, for maxi- 
mum adhe^on, long and sharp lugs are desirable to penetrate well into the soil 
These long lugs c^se considerable energy loss due to soil disturbance. Tractors 
with smooth-faced wheels have little loss from adhesion, which, however, depends 
wholly upon friction between the tractor wheel and the ground.* Adhesion for 
field conditions is inadequate. With rimless traction wheels, practically all the 



Fig. 366. — ^Effect of lug and lug shape upon soil disturbance. 


adhesion is obtained by the penetration of the lugs into the surface and compac- 
tion of the soil back of the lugs. Desired traction or adhesion without some 
compression of the soil below and back of the lugs is impossible in soft soils. 
Where adhesion is not good, slippage or failure of the tractor to travel a distance 
equal to the circumference of the drivers for each revolution may occasion serious 


Table XVI. — Rolling Resistance (in Pounds) of Steel Tractok Wheels 
(Total weight on rear wheels, 3,890 lb.) 


Wheel 

diameter, in. 

Pulverated soil 

Oat stubble 

Bare wheels 

4-m. lugs 

Bare wheels 

4-in. lugs 

38 

655 

789 

362 

777 

42 

610 

734 

„ 359 

746 

46 

615 

690 

337 

720 

50 

- 585 

658 

313 

688 

54 

528 

642 

323 

660 

58 

561 

628 

.308 

654 


Table XVI^ shows the effect of wheel diameter and lugs upon the 
rolling resistance of a wheel tractor. 

Table XVII^ shows the comparative rolling resistance of steel wheeis 
and pneumatic tires for both sod and plowed ground. Relative to this, 
McCuen and Silver^ state: 

A tractor, when equipped with rubber tires, has a much less rolling resistance 
than when equipped with steel wheels and spade lugs. This is true both on sod 
and on plowed ground. Furthermore, the difference in rolling resistance between 
the two types of wheels is greater on sod than it is on plowed ground, and the 

^ Iowa Agr, Exf. Sta,, Research Bull. 189. 

® Ohio Agr. Exp, Sta., Bull. 556. 
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rolling resistance of a rubber-tired tractor on plowed ground is less than tbat of 
the steel-wheel tractor on sod. 


Table XVII. — ^Compabative Rolling Resistance of Steel Wheels and 
Pneumatic Tikes on Sod and on Plowed Geottnd 


Wheel 

Tractive 

surface 

Miles per 
hour 

Force required 
to pull tractor, 
pounds 

Hp. 

Steel 1 

Sod 

2.16 

827 

5.24 

Steel 

Sod 

3.05 

911 

7.64 

Steel 

Sod 

4.21 

878 

10.81 

Rubber-tired 

Sod 

3.14 

273 

2.53 

Rubber-tired. 

Sod 

4.44 

265 

3.45 

Steel. 

Plowed ground 

2.14 

1042 

‘ 6.46 

Steel 

Plowed ground 

2.67 

i 1150 

1 9.08 

Steel . . 

Plowed ground 

3.56 

1102 

1 11.54 

Rubber-tired 

Plowed ground 

2.24 

557 

3.66 

Rubber-tired 

Plowed ground 

2.95 

592 

'5.13 

Rubber-tired 

Plowed ground 

3.72 

7^9 

6.93 

1 


I 

341. Pneumatic Tires VS. Steel Wheels for Various Field Opera- 
tions. — Figure 367 shows the comparative fuel consumption and acre-hour 
capacity of pneumatic-tired and steel-wheel-and-lug tractors as reported 
by Smith and Hurlbut.^ With further reference to these tests they state: 

1. A rubber-tired tractor is harder to hold on listed corn ridges when cultivat- 
ing the first time over than a tractor equipped with steel wheels and spade lugs. 
The difference is less noticeable if the front tires are inflated to 25 lb. or higher 
and if the installation of the rear rubber-tired wheels has not changed the tread 
of the tractor. 

2. There was little difference in the ease of handling or of riding qualities 
between tractors equipped with rubber tires and those equipped with steel wheels 
when cultivating corn, except in handling when on ridges. 

3. The riding qualities of a tractor equipped with rubber tires are very much 
better than those of one equipped with steel wheels and lugs when going to and 
from fields and when traveling on the road. 

4. The rubber-tired tractor is considerably better all around for haying opera- 
tions than the tractor equipped with steel wheels and spade lugs. It does not 
punch hay into the ground. It does not tear up the ground when approaching the 
stacker with a sweep. In general, the riding qualities of a rubber-tired tractor 
are much better on a meadow. However, on meadows that are very rough, an 
oscillating, bouncing motion is given to the rubber-tired tractor that not only 
affects the driver, but, when mowing, is reflected in a rough job due to the up-and- 
down movement of the sickle bar. 

^ Neh, Agr. Exp, Sta.y Bull. 291. 
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5. A rubber-tired tractor, bas less traction, on firm soil than a tractor with 
steel wheels and spade lugs; but in loose, sandy soil it has more. 



16 14 12 10 8 6 4 2 0 0.5 1 1.5 2 .2.5 3 3.5 4 4.5 5 5.5 6 

Fuel, Pounds per Acre Acres per Hour 

Fig. 367. — Comparative fuel consumption and acre-hour capacity of steel-wheel and 
pneumatic-tired tractors when performing various field operations. 

6. A'saving in time and fuel can be made on most farfn operations by using a 
pneumatic-tire-equipped tractor. This saving becomes less significant, and may 
become negative, as drawbar pulls increase, necessitating the use of low gear. 
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This saving increases for those operations which make a relatively light load and 
permit the use of higher gears. Necessarily, the tractors best adapted to rubber 
tires are those having sufiBicient speeds to utilize this advantage. 

7. Field conditions were encountered following rains that caused a tractor 
equipped with pneumatic tires to slip when pulling a combine and also when 
pulling a plow. Although steel wheels and lugs gave some trouble under the 
same circxunstances, they were more satisfactory than the rubber tires. 

342. Inflation Pressures. — As previously stated, inflation pressures 
for the rear tires of a tractor usually range from 8 to 20 lb.., depending 
upon various factors involved. Smith and Hurlbuf^ give the following 
conclusions as a result of tests comparing inflation pressures of 8 and 
161b.: 

1. Changing the inflation pressure carried in tractor tires causes no appre- 
ciable change in the fuel consumption of the tractors on which tires are used. 

2. Increasing tire inflation pressure causes an increase in speed of the tractor 
on which the pneumatic tires are used. 

3. Travel reduction CessentiaUy slippage) is less for a tractor equipped with 
pneumatic tires when the tires are inflated to 16 lb. pressure than when inflated 
to lower pressures, and this difference increases as tho maximum drawbar pull 
is approached. 

4. For the conditions of these tests, greater drawbar pulls were obtained with 
an inflation pressure of 16 lb. than with lower inflation pressures. 

343. Traction Efficiency of Pneumatic Tires. — The traction efficiency 
of a tractor can be expressed as the ratio of the drawbar horsepower to the 
engine horsepower, and, regardless of the type of wheel equipment or 
tread, it is affected by certain factors as previously discussed. In order 
to determine the relative traction efficiency of steel wheels and pneumatic 
tires, Smith and Hurlbut^ made some tests of a standard four-wheel 
tractor weighing 4,545 lb. with steel wheels and 5,000 lb. with rubber 
tires and weights. Figure 368 shows the results of these tests with 
respect to drawbar pull as affected by speed. Their conclusions were: 

1. Under favorable operating conditions, pneumatic-tired wheels transform a 
greater proportion of the engine horsepower into drawbar horsepower than do steel 
wheels and spade lugs. 

2. Under favorable conditions, steel wheels and spade lugs attain a greater 
drawbar pull in low gear than can be attained with rubber tires. 

3. There are two ways of increasing the drawbar horsepower of a tractor: 
namely, by increasing the drawbar pull and by increasing the speed of travel. 
The drawbar pull of pneumatic tires is limited by traction in the first three 
gears. The drawbar pull of a steel-wheeled tractor is usually limited by engine 
horsepower in any gear. . 


^Neh, Agr, Exp. Sta.j Bull. 291. 
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4, The maximum, drawbar horsepower of a rubber«tired tractor in various 
gears covers a much wider range of values than that of a steel-wheel-and-lug 
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Fig. 368. — The relation of speed to drawbar pull. 
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tractor. Horsepower values for rubber tires at. high speeds exceed any derived 
for steel wheels and lugs. At low speeds, the horsepower for rubber tires is less 
than for steel wheels and lugs. 



Fig. 369. — Built-up-type front axle. 


5. Maximum economy was secured for the rubber-tired tractor when the 
drawbar pull was slightly more than 50 per cent of the static weight of the rear 
of the tractor. 

6. Maximum drawbar horsepower values were secured for the rubber-tired 
tractor when the travel reduction was about 16 per cent. No such point is found 


Fig, 370. — One-piece forged front axle. 


for steel wheels and lugs. The percentage of travel reduction is less for steel 
wheels and lugs than for rubber tires and decreases as speed increases. 


344. Liffe of Pneumatic Tires. — No definite information is available 
relative to the life of pneumatic tractor tires. The life will depend upon 
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such factors as (1) abrasive wear, (2) chipping, (3) punctures and blow- 
outs, (4) chemical decomposition, and (5) general care given. Abrasive 
wear is dependent upon the soil surface 
condition and the speed of travel. It 
seems logical to assume that the travel 
speed will have much less effect on 
tractor tires than on auto and truck 
tires. Truck tires are usually operated 
on hard surfaces at high speeds. The 
abrasive action due to these high speeds 
has a wearing tendency that is almost 
entirely absent in slow-speed operation, 
particularly on soft surfaces where a 
tractor operates. A high-grade truck 
tire operating in heavy-duty work and 
on pavements frequently goes 20,000 
miles before being discarded. A tractor 
tire used 800 hr. per year at a speed of 
three miles per hour would cover 2,400 
miles per year. Assuming it would 
give the same total mileage as the truck 

tire, its life would be about- eight years. 37i.-Ftont whe«i. axle, and 

346. Chains for Tractor Tires. — steering mechanism for an all-purpose 
Special tractor tire chains are available 

but are seldom necessary except for adverse conditions or for securing a 
slightly greater maximum pull in low gear. 




Fig. 372. — Construction of a tractor front axle and steering mechanism. (Courtesy of 

Ford Motor Company.) 

346. Front Axles. — Front axles are of either the built-up type (Fig. 
369), or one piece (Fig. 370). The latter type is more common. In 
all cases the connection t'o the engine frame is made by means of a large 
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pin at the center of the axle which permits a hinging action to provide 
proper flexibility in uneven or rough ground. Radius rods, extending 



Fig, 373. — ^Fifth-wheel methdd of front-axle mounting and steering 



fiG. 374. Worm-and-sector type of steering mechanism. 

from the axle back under the frame, maintain the axle in an exactly 
crosswise relation to the frame. 
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Figure 371 shows the front-wheel construction and steering mech- 
anism of an all-purpose tractor. A heavy-duty antifriction hearing 



Fig. 375. — Worm-and-wheel steering mechanism. 


supports the front end of the tractor and permits easy turning. 

Front wheels are equipped with 
either plain or antifriction bearings. 

The latter are preferable because wear 
can usually be taken up. Figure 372 
shows the usual front-wheel mounting. 

347. Steering Mechanisms. — ^The 
fifth-wheel arrangement (Fig. 373) was 
used on the first tractors. Since they 
were very heavy and slow moving, it 
worked reasonably well. As shown, 
the axle is pivoted at the center and is 
rotated horizontally about a vertical 
axis by means of chains attached at 
each side. The chains are wound 
about an iron roller, which in turn is 
actuated by a steering wheel and worm. 

With the introduction of smaller 376.-One of worm-and-uut 

steering gear. 

and faster tractors, a more positive 

means of steering was necessary, and the automobile type (Fig. 372) was 
adopted. The most important part of a steering mechanism is the gear 
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that transmits the motion from the steering wheel to the drag link 
and steering rods. There are a number of different types as shown by 
Figs. 374, 375, and 376. These gears are always enclosed in dirt-proof 



Fjg. 377. — Steering-arm and drag-link connection showing adjustment. 


housings and operate in oil or grease. Most of them have a simple 
and convenient means of taking up wear. Figure 377 shows the usual 



Fig. 378. — Axle and mounting construction when tractor is guided through the drive wheels. 


method of connecting the steering gear to the spindle arms, and a take-up 
device on the drag link. 

Some tractors, particularly four-wheel-drive machines, are driven 
as well as steered through the front wheels. This involves a similar 







TRACTOR CHASSIS— FRAMES— TRACTION DEVICES 


361 


but somewhat more complicated connection as shown by Fig. 378J! A 
universal joint must be inserted in 
the countershaft that transmits the 
power to the wheel, and the spindle 
mounting must be considerably heavier. 

348. Turning Radius. — The turn- 
ing radius of a tractor (Fig. 379) is 
the radius of the smallest circle in 
which it will turn, measuring from the 
center to the outermost point on the 
outside-wheel track. It varies from 
about 6 ft. for the small-size crawler 
tractors to 20 ft. or more for large wheel machines. AU-purpbse tractors 
have a turning radius of 8 to 10 ft. 
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CHAPTER XXV 


POWER AND ITS MEASUREMENT— FUEL CONSUMPTION- 
ENGINE EFFICIENCY 

In the study of farm power it is important that one has a clear and 
definite understanding of the exact technical meaning of such terms as 
horsepower,, energy, efficiency, and so on, as applied to mechanical 
devices. To obtain such an understanding, one must consider, first of 
all, certain fundamental physical terms, definitions, and units. 

349. Force. — A jorce is an action, exerted upon a body, that changes 
or tends to change its natural state of rest or uniform motion in a straight 
line. It is thus observed that a force may or may not be effective in 
producing motion in the body acted upon. Likewise, if a body is in 
motion, a force may be applied that may or may not change its direction 
of movement. The unit of measurement of a force is the pound weight. 

The force required to move a body may not necessarily be the same 
as the weight of the body. Only when the latter is moved vertically, 
with respect to the earth’s surface, will this be true. Under certain 
conditions the force required to move an object might be greater than its 
weight. 

360. Work. — If a force is applied to a body and its state of motion is 
changed, that is, it is made to move from a condition of rest or, if already 
in motion, its rate or direction of travel is changed, then work is done. 
In other words, if a force acts on a stationary body but does not produce 
motion, no work is done. Work is measured by determining the force 
in pounds and the distance through which it acts in feet. The product 
of the two gives the work done in foot-pounds. That iS, the unit of 
work is the foot-pound. 

361. Energy. — The energy possessed by a body is defined as its 
capacity for doing work. The energy possessed by an object or body by 
virtue of its position is known as potential energy. The energy possessed 
by the body by virtue of its motion is called' fe'nefe'c erwrgy. For example, 
the water stored in an elevated tank possesses potential energy. If this 
water is now discharged through a pipe, that water which is in motion 
in the pipe possesses kinetic energy. 

Energy, like work, is measured in foot-pounds. The potential 
energy of a body, with respect to a given point or surface, is equal to the 

352 
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product of the weight in pounds and the vertical height in feet through 
which it has been lifted above this point or surface. 

The kinetic energy of a body is dependent upon its weight, and its 
velocity or rate of travel. For a body moving at a uniform velocity, 

WV^ 

Kinetic energy = — 

Ag 

wnere W = weight of body in pounds. 

F = velocity in feet per second. 
g = acceleration of a freely falling body. 

= 32.2 ft. per second per second. 

362. Power. — Power is defined as the rate at which work is done. 
In other words, power involves the time element. For example, if a 
force of 100 lb. acts through a distance of 50 ft., 5,000 ft,-lb. of work are 
done. If, in one case, this 1004b. force requires 1 min. to move the 
object 50 ft. and, in another case, the same force consumes 2 min. to 
move the object this distance, then twice as much power is required in 
the first case as in the second because the same work is done in one-half 
the time. 

363. Horsepower. — ^The term horsepower is defined as a unit of 
measurement of power and is equal to doing work at the rate of 33,000 
ft.4b. per minute or 550 ft.4b. per second. There is no real reason why 
this unit should have this particular value. However, it was fixed some 
time during the eighteenth century as a result of observations made of 
the work done by a horse in England in hoisting freight. It was estimated 
from these observations that the average horse was able to lift vertically 
a load of 150 lb when traveling at the rate of 2J^ m.p.h. Calculating 
as follows: 


150 X 2.5 X 5,280 
60 


33,000 ft .-lb. per minute 


Therefore, 33,000 ft.-lb. per minute was chosen as the rate at which 
the average horse could work and, consequently, was termed 1 hp. 

In calculating the horsepower developed or required by a machine, 
it is only necessary to determine the total foot-pounds of work done or 
required per minute and divide this total by 33,000. 

RELATION BETWEEN MECHANICAL AND ELECTRICAL POWER UNITS 

354. Electrical Work. — Electrical work is measured in joules, a joule being 
defined as the amount of work done by a current of 1 amp. flowing for 1 sec. under a 
pressure of 1 volt, that is 


Electrical work = volts X amperes X seconds = joules 
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366. Electrical Power—the Watt. — Since power is the rate of doing work, the 
power of an electric current would be the electrical work it is capable of doing per 
time unit (second). In other words, 


Electrical power 
Electrical power = 


electrical work 
time 
joules 
seconds 

volts X amperes X seconds 
seconds 


The unit of electrical power, known as the watt, is the power required to do 1 
joule of electrical work per second, that is, 


1 watt == 1 joule per second 

— 1 amp. X 1 volt X 1 sec. 
~ 1 sec. 

= 1 amp. X 1 volt 


or 


Watts 


~ seconds 

— X volts X seconds 

^ seconds 

= amperes X volts 


It has been found by experiment that if mechanical work is done at the rate of 1 
ft. 4b. per second, then 1.356 watts of electrical power will be required to do the same 
work; that is, 


but 

therefore, 


1 ft.4b. per second = 1.356 watts 

1 hp. = 550 ft.4b. per second 

1 hp. = 550 X 1.356 
= 746 watts 


and 


Since 


then 


Horsepower 


watts 

" 74 ^ 


volts X amperes 
746 


1 kw. = 1,000 watts 


1 kw. 


_ 1,000 

746 

= 1.34 hp. 


HORSEPOWER OF ENGINES 

366. Indicated Horsepower. — The indicated horsepower (i.hp.) of an 
engine is the power generated in the cylinder and received by the piston. 
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367, Belt or Brake Horsepower. — ^The belt or brake horsepower 
(b.hp.) of an engine is the power generated at the belt pulley and available 
for useful work. Several methods are used for measuring brake horse- 
power as described later. 

358. Friction Horsepower. — The friction horsepower of an engine is 
the power that it consumes in operating itself at a given speed without 
any load. That is, it is the power required to overcome friction in the 
moving parts of the engine. The i.hp. minus the b.hp, equals the 
friction hp. 

369. Drawbar Horsepower, — The drawbar horsepower of a pulling 
machine such as a tractor is the power developed at the hitch or drawbar 
and available for pulling, dragging, or similar tractive effort. In a trac- 
tor, for example, the drawbar horsepower would be equal to the b.hp. 
less the power consumed in moving the tractor itself. Methods of 
measurement are described later. 

360. Rated Horsepower. — The rated horsepower is the amount of 
power that the manufacturer states that the engine will generate. It 
is stamped on the engine along with the rated crankshaft speed (r.p.m.), 
model designation, and serial number. Tractors are usually given both 
a b.hp. rating and a drawbar horsepower rating. The manufacturer's 
rating may or may not be the maxi- 
mum horsepower that the engine will 
develop. As a rule, manufacturers 
rate their engines rather conserva- 
tively so that they will develop their 
rated power at the rated speed with- 
out being overloaded. 

361. Measurement of Horse- 
power. — In the nieasurement of the 
power of an engine it must be kept 
in mind that the fundamental problem 
is to determine specific values for the 
physical factors involved, namely, the^ 
force acting, the distance through 

which the force acts, and the time it the mean effective pressure o± a gas 
is acting. Knowing these, the rate of 

power generation in foot-pounds per minute can be calculated and, by 
dividing by 33,000, the generated horsepower is obtained. 

362. Measurement of Indicated Horsepower. — The power generated 
in the cylinder of an engine owing to the explosion pressure acting on the 
piston is termed the indicated horsepower^ because a device known as 
an indicator (Fig. 380) is necessary in determining it. The indicator is 
attached to the cylinder at the closed end. The combustion chamber is 



Fig. 380. — Indicator for determining 
mean effective pressure of a 
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connected to tiie small indicator cylinder by means of a small passage 
so that the pressure existing in the engine cylinder at any time reacts 
upon the indicator piston and spring. As this piston moves, it actuates 
a recording arm bearing a pencil point, and the latter records the pressure 
graphically on the paper-covered drum. This drum is connected to the 
crankshaft of the engine so that it revolves back and forth with the 
crank and piston movement. The pencil, therefore, will have a tendency 



Fig. 381. — Typical indicator diagram for a fonr-stroke-oycle gas engine. 


to make a vertical line on the paper due to the pressure reaction, and a 
horizontal line due to the drum movement. The result of the two 
movements will be what is known as an indicator diagram (Fig. 381). A 
specially prepared indicator form or card is used. 

Referring to the diagram, the vertical line OY represents the pressure, and the 
horizontal line PX represents the piston movement and corresponding volume. 
The horizontal line if JV represents atmospheric pressure. Examining the curve, the 
irregular line BA, representing the action in the cylinder on the suction or intake 
stroke, shows that the existing cylinder pressure is slightly below atmospheric. This, 
of course, is natural because the cylinder volume is increasing. At the end of the 
intake stroke, the piston starts back on compression and the pressure increases rather 
uniformly to about 90 lb., as shown by the curve AC. At the point 0, slightly before 
the completion of the stroke, the spark ignites the charge and the pressure jumps 
quickly to about 270 lb., as shown by the curve from C to D. The curve ACD, 
therefore, represents the action during the entire compression stroke, with C indi- 
cating the point of ignition. The curve DE represents the action on the expansion or 
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power stroke. As the piston moves outward, the cylinder volume increases and the 
pressure drops rapidly. The exhaust valve opens at E just before the expansion 
stroke ends and the pressure drops nearly to atmospheric pressure. The exhaust 
stroke, shown by the horizontal line FB, indicates that there is little change of pressure 
during this event. At J5, the piston is back at its starting point and ready to begin the 
intake stroke again. 

It is thus observed that two irregular closed areas are described by the indicator 
pencil during one complete cycle. The one is the area FCDE and the other the area 
ABG. The first or larger area represents the energy applied to the piston in produc- 
ing power and might be called the positive area. The second or smaller area repre- 
sents energy tending to retard the movement of the piston, or negative energy. Since 
this latter area is extremely small, it can be neglected in making calculations. 

The next step is to determine, from this indicator diagram, the average working 
pressure existing in the cylinder during the cycle. This is known as the mean effective 
pressure (m.e.p.). The procedure consists first in determining the exact area of 
FCDE in square inches. For this purpose a special device, known as a planimeter, is 
used. Then, dividing the area by its length — ^horizontal distance PX — ^in inches will 
give the average height in inches. The height multiplied by the scale of the indicator 
spring (pounds required to deflect the spring 1 in.) will give the average or m.e.p. per 
square inch of cylinder cross-sectional area. 

In order to calculate the i.hp. of an engine, its operating r.p.ni., 
bore of cylinder in inches, and length of piston stroke in feet must be 
known, in addition to the m.e.p. just explained. Having determined 
these values, the power may be calculated by means of the following 
formula: 

^ _ PLANn 
“ 33,000 X 2 


(for four-stroke-cycle engine) 


or 


I.h.p. 


PLANn 

33,000 


(for two-stroke-cycle engine) 


where P == m.e.p. 

L = length of piston stroke in feet. 

A = area of cylinder in square inches 
= (bore) 2 X 0.7854. 

N == r.p.m. 

n = number of cylinders. 

For multiple-cylinder engines, the i.hp. of one cylinder is multiplied 
by the number of cylinders because it is assumed that the m.e.p. of all 
cylinders is alike. 

Example . — What is the i.hp, of a four-cylinder four-stroke-cyole engine if the m.e.p. 
is 90 lb., cylinder dimensions 4 X 5. in., r.p.m. 1,200? 

T 1 90 X K2 X 4=^ X 0.7854 X 1,200 X 4 

““ 33,000 X 2 


34.27 
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363. Measurement of Belt Horsepower. — Devices used for the 
determination of the belt or brake horsepower of engines are known as 
dynamometers; dyna or dynamo meaning force or power, and a meter 



Fig. 382. — Use of Prony brake in determining the horsepower of an engine. 



Fig. 383.— Sketch showing principle of operation of a Prony brake. 


being a measuring device. Therefore, a dynamometer is a power- 
measuring device. There are a number of different types of dynamom- 
eters, such as the Prony brake (Pig. 382), the electric (Fig. 386), the 
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hydraulic, and the fan type. Of these, the first two named are? used most 
extensively. 

364. Prony Brake Dynamometer. — ^The Prony brake consists of an 
adjustable friction band that fits on the belt pulley or a special pulley 
keyed to the engine crankshaft, and an arm from 2 to 5 ft. in length, 
which rests on or is supported by scales (Fig. 382). To explain its opera- 
tion more clearly, let us assume that the engine crankshaft is locked so 
that it cannot turn and that a pair of spring scales are fastened to the 
outer end of the brake arm (Fig, 383), Now suppose that the brake band 
is tightened on the pulley but that the brake is rotated on the latter by 
grasping the scales and applying the rotative force at the outer end of the 
brake arm. The scales will register a certain number of pounds, depend- 
ing upon the tension of the brake in addition to the weight of the arm 
itself. Likewise, as the arm rotates, the point of application of the 
rotating force will describe a circle whose circumference is equal to 2'nT 
(Fig. 383), The work done in one turn in foot-pounds is equal to the 
product of the force in pounds registered by the scales (less the weight 
of the brake arm) and the circumference in feet of the circle described. 
By counting the total revolutions made in 1 min., the total foot-pounds of 
work per minute can be calculated. Dividing by 33,000 gives the horse- 
power developed. In other words: 

pounds on scales (due to friction only) X 2Tr X r.p.m. 

“■ 33,000 

In actual practice, the brake arm is held in a fixed position as shown 
by Fig; 382, and the engine pulley turns in the band. This will not alter 
conditions for the reason that the friction contact will still be the same 
and will, therefore, create a like pressure on the scales. By measuring 
the distance r in feet, better known as. the length of brake arm (Lb.a.), 
and obtaining the engine r.p.m., the horsepower output can be calculated 
as follows : 


TT _ net load (lb.) X Lb.a. (ft.) X 27r X r.p.m. 

♦ 33,000 

The net load on the scales is determined by first weighing the brake 
arm and support, with the brake loose and engine not running, and then 
subtracting this so-called tare load from the total load on the scales when 
engine is running under test ; that is, the gross load minus the weight of 
arm and stand (tare load) equals net or friction load. The crankshaft 
r.p.m. is determined by means of a speed counter or indicator such as 
that shown in Fig. 385. 



360 


FARM GAS ENGINES AND TRACTORS 


Very often it is inconvenient or unsatisfactory to place the Proay 
brake directly on the pulley as, for example, in the case of a tractor. 
Under such conditions the brake can be mounted on a special frame with 



Fig. 384:.-^Belt-driven Prony brake for testing tractors and other large engines. 


a second or belt pulley mounted on the brake-puUey shaft. The engine 
to be tested drives the brake by means of a belt, as shown in Fig. 384. 

By obtaining the net load, l.b.a., and brake' 
r.p.m., the horsepower can be calculated as 
before. The principal objection to a belt- 
driven Prony brake is that, at heavy loads, 
some belt slippage is apt to occur that will 
result in giving a horsepower output slightly 
less than the engine is actually developing. 

The Prony brake is an inexpensive appa- 
ratus to construct and is simple and easy to 
operate as compared to other types of brake 
dynamometers. However, the friction between 
the brake and the pulley surface generates 
considerable heat, depending upon the size 
and speed of the pulley. This heat has a 
tendency to cause the frictional contact and the 
resulting brake load to increase or vary. To 
eliminate or remedy , this undesirable load 
variation it is often necessary to apply some 
Pig. 385.— Revolution coiinter cooling medium such as water or oil to the 
or speed indicator. surfaces. It is better to apply the cooling 
liquid continuously in small quantities than intermittently in large 
amounts. . 

366. Electric Dynamometer. — For precise power measurements of 
large, or multiple-cylinder, variable-speed engines, the electric dynamom- 
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eter is preferred. The complete outfit consists of the generating unit 
(Fig. 386), the resistor unit (Fig. 387), and the control and instrument 
board (Fig. 388). 

The outer field frame of the direct-current generator is mounted with ball bearings 
on two heavy iron pedestals as shown, so that it is possible for the entire generator unit 
to rotate. This is prevented, however, |)y the torque arm and scales. The generator 
armature rotates independently in the field frame as in any other generator. The 
engine to be tested is mounted beside the generator and its crankshaft connected 


Fig. 386. — Electric-type dynamometer for determining belt horsepower. 

directly to the armature; or,- where such is impractical, a pulley and belt drive may be 
used as in testing a tractor. The load or pressure on the scales is created by the 
electromagnetic action between the field frame and the armature, which exists in any 
such machine. That is, as the armature rotates, the electromagnetic field set up 
tends to cause the field frame to rotate with the armature. This pulling or torque 
action, as it is called, does make the frame rotate a certain amount and creates a pres- 
sure on the scales attached to the torque arm. The electromagnetic field can be 
closely adjusted so as to increase or decrease the load on the engine by any desired 
amount. In other words, the stronger the current supplied to the field windings, the 
greater the load on the engine and tt/e resulting pull or torque. In other respects this 
device is very much like the Prcmy brake. That is, by observing the r.p.m. of the 
armature, the length of the torque arm, and the net load on the scales, the power out- 
put can be calculated by the same formula: namely, . 





362 


FARM GAS ENGINES AND TRACTORS 


net load Gb*) X l.b.a. X 2ir X r.p.m. 

“P- 33,000 

The electric dynamometer is much more expensive to install than the 
Prony brake and requires more experience and care in operation. How- 
ever, where a large amount of accurate and precise engine testing is done, 
it is the most desirable apparatus to use. 



Fig. 387. — Current absorber or resistor Fig. 388. — Control unit for 

for electric dynamometer. an electric dynamometer. 

366. Determination of Drawbar Horsepower. — It is often desirable to 
know the pulling power of a tractor under various conditions. The usual 
procedure is to hitch the machine to some heavy object or load to be 
pulled or dragged, which will require not more than the maximum 
pulling power of the tractor. Between the tractor and the load is placed 
the dynamometer, which must at least record or indicate the pulling 
effort in pounds .required to drag the load at a certain rate of travel. 
Such a device is shown in Fig. 389. The rate of travel can be determined 
by observing the time required to cover some definite measured distance 
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such as 500 ft. Then, the horsepower developed can be calculated as 
follows: 

„ _ average lb. pull X rate of travel (ft. per min.). 

“ 33,000 

Figures 390 and 391 illustrate special types of self-recording drawbar 
dyiiamometers. The one (Fig. 390) records directly a certain value from 



Fig. 389. — Plain dial-type, indicating- drawbar dynamometer. 



Fig. 390. — An integrating and recording drawbar dynamometer. 

which the average pull over a given distance, usually 50 ft., can be 
determined. In the other (Fig. 391), the average pounds puU can be 
determined very accurately by checking the chart record according to a 
certain recommended procedure. In addition to the pull, the rate of 
travel is also accurately recorded on the chart, and it is unnecessaryto 
measure off a given distance and observe the time required to cover this 
distance. 

367. Operating Characteristics of Multiple-cylinder Engines. — 

Figure 392 shews typical horsepower and torque curves for a multiple- 
cylinder engine. It is noted that the horsepower generated varies almost 
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directly as the crankshaft speed, up to a certain point when it drops off. 
The reason for this is that, as very high piston speeds are reached, the 
fuel charge per stroke decreases slightly owing to the effect of the inertia 



Fig. 391. — Hydraulic-type recording drawbar dynamometer. 


and friction of the gas as it rushes through the manifold and valves into 
the cylinders. 

The meaning of torque can best be understood by reference to the 
Prony brake (Fig. 382). Here we note that the outer end of the brake 



Fig. 392. — Curves showing typicgil operating characteristics of a multiple-cylinder gasoline 

engine. 

arm exerts a certain pressure on the scales, depending upon the tension 
of the brake, the length of the arm, and the engine speed.' The product 
of the brake-arm length in feet and the pounds pressure exerted is known 
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as torque an'd is expressed in pounds-feet. This should not be confused 
with the unit of work or foot-pound. 

Referring again to the torque curve in Fig. 392, it is observed that the 
torque varies somewhat with the engine speed but is greatest at a com- 
paratively low speed. The dropping off is again due to the smaller fuel 
charge taken in with increasing piston speeds. However,, the torque 
does not decrease suj0S.ciently with increased engine speed to affect the 
horsepower developed. In other words, even though the torque begins 
to drop off at a comparatively low engine speed, it drops very slowly as 
compared to the' rate of increase in r,p.m. Consequently, the horsepower 
continues to increase until a much higher engine speed is reached. 

368. Mechanical Efllciency. — ^The mechanical efficiency of an engine 
is the ratio of its b.hp. to its i.hp., that is, 


Mechanical efficiency (per cent) 


b.hp. 

i.hp. 


X 100. 


The mechanical efficiency of internal-combustion engines varies from 
75 to 90 per cent, depending upon the load, speed, and other factors. 

369. Thermal Efficiency. — The thermal efficiency of an engine is the 
ratio of the output in the form of useful mechanical power to the power 
value of the fuel consumed; that is, 


Thermal efficiency (per cent) 


b.hp. 

power value of fuel 


X 100. 


In order to determine the thermal efficiency of an engine, the quantity 
of fuel consumed and the power generated in a given time must be 
measured. Then this power and fuel must be converted into a common 
form; that is, the power must be converted into heat-energy units, or 
the fuel into mechanical power units. The heat unit used is the British 
thermal unit (B.t.u.). It has been determined that 1 B.t.u. of heat is 
equivalent to 778 ft.-lb. of work. This is known as the mechanical 
equivalent of heat. Since 1 hp. equals 33,000 ft.-lb. per minute, 


1 hp. 


33,000 

778 

42.42 B.t.u. per minute 


and 1 hp. generated for an hour is equal to 60 X 42.42, or 2,545 B.t.u. 

Again the heat value in B.t.u. has been determined for the various 
engine fuels. Gasoline, kerosene, and other petroleum fuels contain 
approximately 20,000 B.t.u. per pound (see Table VII). A gallon of 
gasoline (6.2 lb.) contains 6.2 X 20,000 or 124,000 B.t.u. Therefore, if 
an engine were 100 per cent efficient in its operation, that is, if the entire 
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heat value of the fuel burned were converted into useful power, then, a 
gallon of gasoline would produce 124,000/2,545 or 48.7 hp. for 1 hr. 

Such, however, is obviously impossible because every engine wastes a 
large quantity of heat through the exhaust, the cylinder walls and 
the piston, by friction, and so on. 


The thermal efficiency of internal-combustion engines varies from 12 to 25 per cent, 
depending upon the type of engine, speed, load, design, and other factors. For exam- 
ple, the ordinary stationary engine uses about 0.8 lb. of fuel per horsepower generated 
per hour. The input is 

0.8 X 20,000 16,000 B.t.u. per hour. 


The output is 


1 hp. per hour — 2,545 B.t.u. 


Then, 


Thermal efficiency = 


output 

input 


2,545 
16,000 ^ 


Certain Diesel-type engines often burn as low as 0.5 lb. of fuel per horsepower per 
hour. Calculating as above: 


0.5 X 20,000 = 10,000 B.t.u. per hour 

O K4K 

Thermal efficiency — -jg^Q X 100 
= 25.5 per cent. 


370. Brake Mean Effective Pressure. — The brake mean effective 
pressure of an engine is that portion of the total or indicated mean effec- 
tive pressure that is actually consumed in generating the useful or brake 
horsepower. Therefore it is equal to the indicated mean effective 
pressure multiplied by the mechanical efficiency and is calculated by 
making the necessary substitutions for b.hp. and i.hp. and solving the 
formula 

Brake mean effective pressure 

= indicated mean effective pressure X 

371. Factors Affecting Fuel Consumption and Efficiency. — One of the 

fundamental objectives in the design, construction, and operation of any 
internal-combustion engine is to secure the greatest possible efficiency 
without interfering with other considerations involved in practical 
adaptability to a particular purpose. As already explained, efficiency in 
an engine means obtaining the greatest possible power out of it with the 
lowest possible fuel cost — not necessarily fuel consumption. For 
example, an engine might burn either of two fuels satisfactorily but use 
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slightly less of one than of the other, indicating that the one is the better 
to use. However, if the second fuel costs considerably less per gallon, it 
might be the more economical fuel to use in- the engine. 

The actual fuel consumption of engines is usually expressed as “lb. per 
hp.-hr.” The total fuel consumption of engines varies, of course, accord- 
ing to the size, the power generated, and the length of time in oper- 
ation. However, when reduced to the “lb. per hp.-hr.^' basis, the fuel 
consumption of two engines of entirely different size and type may be 
very nearly the same. 

In general, the fuel consumption of all gasoline- and kerosene-burning, 
engines, such as stationary farm engines, automobile engines, tractor 
engines, airplane engines, and so on, is about the same when reduced to 
the “lb. per hp.-hr.^^ basis, provided they are all operated under a 
one-half to full load. Such engines seldom burn less than 0.6 lb. of fuel 
per hp.-hr. The average is around 0.8 lb. and may run as high as 0.9 lb. 
Diesel-type and similar high-compression heavy-duty oil-burning engines 
often show a fuel consumption of 0.4 to 0.5 lb., per hp.-hr., and seldom use 
more than 0.6 lb. 

Given a certain type of engine burning a given fuel, the most impor- 
tant factors affecting its economical and efficient operation are: 

» 1. Normal operating compression pressure. 

2. Operating load: light, medium, or heavy. 

3. Mechanical condition: 

а. Ignition correctly timed. 

б. Valves correctly timed. 

c. Fuel mixture properly adjusted. 

d. Piston rings and cylinder not badly worn. 

e. Bearings properly adjusted. 

/. Properly lubricated. 

372. Compression and Efficiency. — Referring to Pig. 393, it is 
observed that, theoretically, the greater the compression pressure, the 
higher the thermal efficiency. It is difficult and impra,ctical to take 
advantage of this, however, in the carbureting type of engine, such as 
the farm, automobile, or tractor engine, for the reason that too high a 
compression causes preignition or detonation of the fuel mixture. In 
other words, the high compression produces a higher cylinder temperature 
and the mixture ignites and explodes too early. In the Diesel and similar 
types of heavy-duty oil engines, high cempression is practical because 
the fuel charge does not enter the cylinder until the piston is ready to 
receive the explosion. Engines of this type, therefore, are somewhat more 
efl&cient than carbureting engines. 

373. Effect of Load on Efficiency. — ^The curves (Fig. 394) show that 
any engine, when operating at a very light load, will use more fuel per 
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horsepower-hour. As the load increases, the fuel consumption decreases 
“until, at about nine-tenths of the maximum power developed by the 
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Fig. 393. — Curve showing effect of compression pressure on efficiency. 
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Fig. 394. — Fuel consumption curves for tractor engines. 


engine, it gives the most economical results. It is obvious that a certain 
amount of fuel is required to operate the engine itself, that is, to supply 
the power necessary to overcome friction. Furthermore, this friction, 
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power and the amount of fuel required to overcome it remain practically 
constant, regardless of the load on the engine. Therefore, as the load^ 
increases, this quantity of fuel required to overcome friction becomes less 
and less in proportion to the total amount burned. 

Engines operating at, or very near, their maximum output show a 
slightly greater fuel consumption than at nine-tenths load for the 
reason that the cylinder temperature becomes too high to permit the 
engine to derive the greatest possible power from the fuel. This explains 
the straightening of the curves (Fig, 394) at the full load. 

This characteristic of engines to give the best fuel economy at medium 
to heavy loads means that it is important always to use an engine that 
fits the job. That is, do not use a 5-hp. engine to operate a machine 
requiring only 1 hp. On the other hand, it is not good practice to use an 
engine that is too small and will be overloaded. 

FORMULAS FOR CALCULATING HORSEPOWER ? 


A number of formulas have been suggested for calculating the horse- 
power output of a given engine using certain cylinder dunensions and 
other values. Although none of these should be considered as reliable and 
accurate when applied to any engine because of the great variation in 
certain factors involved, such as piston speed^and compression pressure, 
they can often be used to advantage to check up on the engine's rating or 
to determine its approximate power output. 

374. S.A.E. Formula. — ^This formula, originally adopted by the 
American Licensed Automobile Manufacturers (A.L.A.M.), and later by 
its succeeding organization, the Society of Automotive Engineers (S.A.E.), 
for determining the approximate brake horsepower of automotive engines 
and engines of similar type is 


Hp. = 


D^XN 

2.5 


where D = bore of cylinder in inches. 

N ~ number of cylinders. 

The S.A.E. formula is a simplification of the i.hp. formulas previously 
explained. It assumes that the mean effective pressure is 90 lb. per 
square inch, that the piston speed is 1,000 ft. per minute, and that the 
mechanical efliciency is 75 per cent, 

f 
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CHAPTER XXVI 


TRACTOR POWER TRANSMISSION— RATINGS- 
NEBIUSKA TESTS 


The present-day farm tractor is designed to deliver power in three 
distinct ways, namely, (1) by a pulley and belt, (2) by pulling effort at 
the drawbar, (3) by means of a power take-off. 

376. Power Rating. — ^As a rule, tractor sizes are designated according 
to the power capable of being generated at the pulley and at the drawbar. 
Obviously, the maximum power that can be generated by the power 
take-off will be practically the same as the belt power. However, when 
a tractor is operating a machine through the power take-off, the machine 
is usually being pulled. Therefore, only a certain fraction of the engine 
power is avaikble at each point. 

The power of tractors is expressed as so many horsepower, either belt 
or drawbar, or both. Formerly a manufacturer designated the various 
models according to their approximate power output; for example, 
a 15-30 tractor would deliver about 16 hp. at the drawbar and 30 hp. at 
the belt. This system is going out of use, however, and certain models 
are now designated by a letter as “ Model W.” If a manufacturer makes 
but one size, the trade name only is sufficient. This does not mean that 
modern tractors are not given a power rating. Most manufacturers 
give their machines such a rating by stamping it on the serial-number 
plate attached to the machine. If the power is not stamped on the 
machine it can usually be found in the catalogue specifications. 

Owing to the crude construction and excessive weight, early tracto^ 
seldom delivered more than one-half of the engine power at the drawbar. 
Therefore the rating was always expressed as 10-20, 15-30, and so ori. 
With the adoption of higher grade, lighter weight materials, enclosed 
transmissions running in oil, antifriction bearings, and improved methods 
of workmanship, this power loss has been greatly reduced until at the ' 
present time it is not uncommon for a tractor, to deliver 75 per cent 
of its belt power at the drawbar. For example, the Nebraska tractor 
tests^ show that 26 current-model wheel-type machines delivered 73.4 
per cent of the maximum developed belt horsepower to the drawbar. 
Twenty-five crawler machines delivered 84.4 per cent. In addition to 
those mentioned above, such factors as wheel or track construction, lug 


1 Neb. Agr. Exp. Sta., BuU. 292, 296, and 304, 
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equipment; slippage, and soil conditions also materially affect the drawbar 
power output. 

The American Society of Agricultural Engineers has adopted the 
following standard specifications for farm-tractor rating and testing; 

TRACTOR RATING SPECIFICATIONS 

Belt Rating, — belt-horsepower rating of the tractor shall not exceed 85 
per cent of the maximum corrected horsepower which the engine will maintain by 
belt at the brake or dynamometer for 2 hr. at rated engine r.p.m., the test to be carried 
out as specified herein. 

Drawbar Rating . — ^The drawbar rating of the tractor shall not exceed 75 per cent 
of the maximum corrected drawbar horsepower developed at a rate of travel recom- 
mended for the ordinary operation of the tractor, under conditions of testing as 
specified herein. 


TESTING PROCEDURE 

Nature of Tests . — ^The following rating tests are to be conducted in the order 
given on three or more tractors picked at random from factory stock, run by the 
engineer or engineers conducting the test; the averages of all tests are to be used in 
determining the results. 

Test A {Limbering-up Bun ). — Before a test is undertaken it is important that the 
tractor shall have been in operation for a suf&cient length of time to attain proper 
operating conditions throughout so that the results of the test shall express the true 
working performance. The tractor or tractors to be tested shall therefore be sub- 
mitted to ^^limbering-up runs on the drawbar of 12 or more hours^ duration. Draw- 
bar loads of approximately one-third, two-thirds, and full load shall be pulled byjthe 
tractor during the runs, each load being drawn for approximately an equal length of 
time, the lighter loads being used first. 

Test B {Maximum Brake-horsepower Test ). — The tractor engine is to be tested in 
the belt with the governor set to give full opening of governor valve, and the carburetor 
set to give maximum power at rated engine crankshaft speed. (The rated speed is 
that which the manufacturer recommends for the engine under normal load.) The 
test shall begin after the temperature of the cooling fluids and other operating condi- 
tions have become practically constant. The duration of this test shall be 2 hr. of 
continuous running with no change in engine adjustments. If the speed should change 
ipifficiently during the test to indicate that the operating conditions had not become 
constant when the test was started, the test will be repeated with the necessary change 
in load. (The term ‘Toad,” as used in this connection, means pounds on dynamom- 
eter or brake scale.) Minor changes in load to be made to maintain rated speed, 
and the average load and average speed for the period shall be used in computing the 
horsepower. All belt-horsepower tests must be made with an electric dynamometer, 
or with an accurately tested Prony brake or other accurate power-measuring device. 
Correction shall be made for temperature and altitude effect on horsepower output 
on maximum test only. Standard conditions of barometric pressure of 29.92 in. Hg. 
and a temperature of 60°F,, or 520° Abs. shall be used. 

The following cprrection formula shall be used (on maximum test only) : 

BHPc - BHPo X {Ps Po) X V'To -h Ts 

where BHPc = corrected brake horsepower. 

BHPo = observed brake horsepowei^ 



